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SECTION 1 

INTKODUCTION 

Scanning i n s t r u m e n t s  on o r b i t i n g  s a t e l l i t e s  make measurements of the  

r e f l e c t e d  o r  e m i t t e d  r ad iance  caning from t h e  t o p  of t h e  a tmosphere  i n t o  a 

narrow s o l i d  angle. The measured r ad iances  a re  h i g h l y  s e n s i t i v e  t o  t h e  

u n d e r l y i n g  s u r f a c e  t y p e  and t o  t h e  viewing and s o l a r  z e n i t h  angLe 

c o n d i t i o n s .  P r e s e n c e  of c loud and t h e  amount of c loud  i n  t h e  p a t h  of 

measured r a d i a n c e  h a s  t o  be determined b e f o r e  t h e  r a d i a n c e  could  be  conve r t ed  

t o  f l u x  va lue .  T h i s  o p e r a t i o n  is  perfonned i n  t h e  ERHE a l g o r i t h m  by t h e  

maximum l i k e l i h o o d  e s t i m a t i o n  (MLE) procedure  u s i n g  sate1.1.itc measured 

r a d i a n c e s  from t h e  s c a n n e r  u s i n g  t h e  shor twave  and longwave channels .  An 

e a r l i e r  s t u d y  (Vemury et a l . ,  1985; Vemury 1985) i n d i c a t e d  t h a t  t h e  MLE 

a l g o r i t h m  when a p p l i e d  t o  t h e  Nimbus-7 ERB Scanner  o b s e r v a t i o n s ,  l ed  t o  a n  

improvement i n  s c e n e  i d e n t i € i c a t i o n .  I t  a l s o  improved t h e  r a d i a t i o n  budget 

pa rame te r s  when coinpareti w i th  t h e  r e s u l t s  from t h e  S o r t i n g  i n t o  Angular  Bins 

(SAB)  method. However, sane of t h e  d a t a  used i n  t h a t  s t u d y  had s e v e r a l  

d e f i c i e n c i e s .  The i n p u t  d a t a s e t s  i n  t h e  p r e s e n t  s t u d y  are c o n s i d e r a b l y  

improved. Some changes i n  t h e  a lgo r i thms  a re  a l s o  implemented and some 

computer r e l a t e d  problems removed. 

T h i s  r e p o r t  d e a l s  w i t h  s e v e r a l  t a s k s  relating t o  a n  e v a l u a t i o n  of t h e  

HLK methtxl f o r  s c e n e  i d e n t i f i c a t i o n  by eKainining s e v e r a l  a s p e c t s  of t h e  s c e n e  

i d e n t i f i c a t i o n  p r o c e s s ,  and of t h e  computed r a d i a t i o n  budget pa rame te r s  a t  

d i f f e r e n t  s p a t i a l  and tempora l  s c a l e s .  E f f e c t  of changes i n  t h e  i n p u t  
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d a t a s e t s ,  u s e  of o t h e r  s c e n e  i d e n t i f i c a t i o n  methods l i k e  t h e  p e r p e n d i c u l a r  

b i s e c t o r  a lgo r i thm,  s e n s i t i v i t y  t o  t h e  parameters of t h e  MLE method, etc. 

a r e  a l s o  i n v e s t i g a t e d  and r epor t ed  here .  An a n a l y s i s  of t h e  sampling 

adequac ies  a t  d i f f e r e n t  temporal  i n t e r v a l s  u s i n g  t h e  SA13 method is a l s o  

p re sen ted .  This i s  a n  impor t an t  a s p e c t  of t h e  v a l i d a t i o n  p rocess  s i n c e  t h e  

SAB method provides  t h e  necessary  d a t a s e t s  a g a i n s t  which t h e  r e s u l t s  w i t h  t h e  

MLE method a r e  compared. A good  understanding of t h e  sampl ing  s i t u a t i o n  i n  

t h e  SAB method i s  necessary t o  make a n y  a s s e r t i o n s  as t o  t h e  accuracy  of t h e  

r e s u l t s  obtained w i t h  t h e  MLE method. 

The r e s u l t s  a r e  p re sen ted  i n  t h e  fo l lowing  s e c t i o n s .  Each of t h e  

s t u d i e s  performed i s  d i s c u s s e d  i n  a separate s e c t i o n  and t h e  elements  of t h e  

s t u d y  are shown as s u b s e c t i o n s .  
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SECTION 2 

A se t  of b a s e l i n e  r e s u l t s  was developed w i t h  a n  earlier a l g o r i t h m  and 

t h e  r e s u l t s  were p r e s e n t e d  i n  Vemury (1985) .  The a n a l y s i s  i n  t h i s  s e c t i o n  and 

m o s t  of t h e  f o l l o w i n g  s e c t i o n s  i s  f o r  t h e  month of  June  1979. The scanner  

o b s e r v a t i o n s  w e r e  from t h e  Nimbus-7 E a r t h  Radia t ion  Budget (ERB) i n s t r u m e n t  

narrow f i e l d  o f  view (NFOV) channels.  The CLE a n g u l a r  models w e r e  used i n  

t h i s  s t u d y .  This  s t u d y  w i l l ,  t h e r e f o r e ,  be r e f e r r e d  t o  as t h e  CLE study.  

( a )  Longwave f l u x  f i e l d  

The i n p u t  d a t a s e t s  f o r  t h e  s tudy mentioned above c o n t a i n e d  t h e  c l e a r  sky  

longwave f l u x  f i e l d  which corresponded to  t h e  November p e r i o d .  The s t u d y  i s  

f o r  t h e  month of June and this rrqIIi.red a longwave f l u x  f i e l d  cor responding  

to  t h e  summer season.  Correct f l u x  f i e l d s  are o b t a i n e d  i n  t h e  folowing way. 

The l a t i t u d e  dependent  and s u r f a c e  dependent  longwave f l u x  v a l u e s  are t a k e n  

from "ERBE" Angular Models" (unpubl ished b l u e  book from t h e  ERBE team) f o r  

t h e  summer season.  Based upon the l a t i t u d e  band and upon t h e  u n d e r l y i n g  

s u r f a c e  c a t e g o r y ,  v i z .  , ocean,  land ,  snow, d e s e r t  and mixed ocean/ land ,  t h e  

longwave f l u x  v a l u e s  are computed for e a c h  2 15 0 x 2 .So r e g i o n  of t h e  g lobe .  

Due t o  d i f f e r e n c e s  between t h e  Nimbus-7 

ments ,  an  ad jus tment  t o  t h e  

corded i n  t h e  ERBE b l u e  book. 

i n s t r u m e n t  d a t a ,  t h a t  ad jus tment  

longwave f l u x  

Since t h e  p r e s e n t  

had to  be removed 

ERB and the ERBE i n s t r u -  

values w a s  made when re- 

a p p l i c a t i o n  is  f o r  t h e  ERB 

by s u b t r a c t i n g  8 W/m2 from 
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each of t h e  f l u x  v a l u e s  f o r  each l a t - l o n  g r i d .  T h i s  new set  of longwave f l u x  

v a l u e s  c o n s t i t u t e s  t h e  a p p r o p r i a t e  clear sky  longwave f l u x  f i e l d  f o r  t h e  

month of June.  

( b )  Snow f i e l d s  --- 

The d i s t r i b u t i o n  of snow i n  t h e  geography f i e l d  i s  a l s o  modi f ied .  The 

ea r l i e r  s t u d y  used a snow f i e l d  f o r  t h e  s o u t h e r n  hemisphere,  bu t  none w a s  

used i n  t h e  no r the rn  hemisphere.  Th i s  has  r e s u l t e d  i n  ex t remely  l a r g e  cloud 

i d e n t i f i c a t i o n s  i n  t h e  n o r t h e r n  hemisphere.  T h i s  r e s u l t  became appa ren t  only 

when t h e  c loud  f i e l d s  de r ived  u s i n g  t h e  MLE method were compared w i t h  t h e  

THIK cloud €ields  f o r  t h e  same month. New snow f i e l d s  on o u r  s p a t i a l  g r i d  

a re  t h e r e f o r e  gene ra t ed .  The snow f i e l d  from HIRS2/MSU f o r  .June i s  

i n t e r p o l a t e d  t o  t h e  2 .5  Th i s  new snow f i e l d  i s  o v e r l a i d  on t h e  

p rev ious  geopraphy f i e l d  and t h o s e  reg ions  which conta ined  snow i n  t h e  

p rev ious  geography f i e l d  and no snow i n  t h e  new f i e l d  were rep laced  w i t h  t h e  

a p p r o p r i a t e  geograpi i icai  c a t e g o r y ,  p r i m a r i l y  l a n d ,  ocean o r  l and /ocean  mix. 

0 x 2.5' g r i d .  

( c )  Compiler errors --_- - 

Another  mod i f i ca t ion  made w a s  i n  t h e  a l b e d o  f i e l d .  Clear sky a l b e d o  

v a l u e s  f o r  n a d i r  s u n  f o r  ocean, l a n d ,  d e s e r t ,  etc.  a r e  s p e c i f i e d .  Depending 

on t h e  s u r f a c e  ca tegory  i n  t h e  geography f i e l d ,  c lear  sky  n a d i r  a l b e d o  i s  

picked.  Compiler problems w i t h  t h e  computer tended t o  round off t h i s  number 

t o  a smaller value.  The e f f e c t  of t h i s  was t o  enhance t h e  cloud c o n d i t i o n  

cases i n  t h e  scene i d e n t i f i c a t i o n  p rocess .  Necessary changes were made t o  

t h e  code s o  tha t  t h e  compi le r  provided t h e  c o r r e c t  a l b e d o  f i e l d  t o  t h e  

a l g o r i t h m s .  
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( d )  MLE s o f t w a r e  m o d i f i c a t i o n s  - - -- -.- 

A modif ied  s o f t w a r e  f o r  s c e n e  s e l e c t i o n  w a s  s u p p l i e d  by NASAILangley 

Research C e n t e r  which was inco rpora t ed  i n t o  t h e  ERB p r o c e s s i n g  a l g o r i t h m s ,  

The pr imary  m o d i f i c a t i o n  was i n  t h e  u s e  of a n  i n t e r p o l a t i o n  scheme f o r  t h e  

clear s k y  longwave f l u x  v a l u e s  between l a t i t u d e  bands. The ear l ie r  procedure  

made u s e  of one longwave f l u x  va lue  f o r  a l a t i t u d e  band and suddenly jumped 

t o  a d i f E e r e n t  v a l u e  f o r  t h e  next  band. T h i s  caused s t r o n g  d i s c o n t i n u i t i e s  

i n  t h e  c loud  i d e n t i f i c a t i o n  and the  cloud amount. A l i n e a r  i n t e r p o l a t i o n  

scheme i n  t h e  v a l u e s  smoothed out  t he  f i e l d  and t h u s  t h e  cloud f i e l d  s e l e c t e d  

was smoother .  A d d i t i o n a l  mod i f i ca t ions  i n  t h e  code were provided 

subsequen t ly  a t  t h e  t i m e  when t h e  NCLE models were s u p p l i e d ,  These  

m o d i f i c a t i o n s  were i n c o r p o r a t e d  i n t o  t h e  NCLE model runs, t o  be d i s c u s s e d  i n  

a la ter  s e c t i o n .  

2.1 COMPAKISON OF EBB PABAllETERS BETWEEN HLE AND SAB HETHODS 

The pr imary o b j e c t i v e  of t h i s  s t u d y  is  v a l i d a t i o n  of t h e  d e r i v e d  

parameters  u s ing  MLE wi th  t h o s e  from t h e  SAB method. Due t o  sampling 

l i m i t a t i o n s ,  v a l u e s  w i t h  t h e  SAB method were d e r i v e d  f o r  t h e  e n t i r e  month of 

June  1979 and were provided by t h e  Nimbus-7 ERB team (Dr. H.L. K y l e ,  GSPC, 

p e r s o n a l  communication). The r e s u l t s  w i t h  t h e  MLE method were d e r i v e d  f o r  

each day u s i n g  t h e  s c e n e  i d e n t i f i c a t i o n  and t h e  CLE a n g u l a r  models. The 

d a i l y  means were used t o  compute t h e  monthly mean parameters. Thus t h e  

monthly mean MLE r e s u l t s  were compared wi th  t h e  monthly mean SA8 r e s u l t s .  
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This s e c t i o n  d e a l s  w i t h  t h i s  comparison a t  t h e  t a r g e t  area (TA), z o n a l  and &b.al 

mean levels. TO eliminate t h e  scene i d e n t i f i c a t i o n  d e f i c i e n c i e s  a t  v e r y  l a r g e  

z e n i t h  a n g l e s  , t h e  r a d i a t i o n  budget  parameters  w e r e  d i v i d e d  i n t o  t w o  

c a t e g o r i e s .  The f i r s t  c a t e g o r y  c o n s i s t e d  of t h e  r e s u l t s  where a l l  t h e  

a v a i l a b l e  o b s e r v a t i o n s  were k e p t ,  and i n  t h e  second c a t e g o r y ,  o b s e r v a t i o n s  

w i t h  t h e  s a t e l l i t e  z e n i t h  a n g l e  g r e a t e r  than  70 ware n o t  i n c l u d e d  i n  t h e  

computation. These arc? r e f e r r e d  t o  as CLE-90 and CLE-70 cases i n  t h e  

fo l lowing .  References t o  computed a l b e d o  v a l u e s  a lways mean i n s t a n t a n e o u s  

a lbedo .  

0 

2.1.1 Target Ares Comparisons 

Comparison of t h e  r a d i a t i o n  budget  parameters  between t h e  MLE and SAB 

methods dre shown i n  F i g u r e s  2.1, 2.2, 2 . 3  and 2.4. CLE on t h e  o r d i n a t e  

implies r e su l t s  w i t h  t h e  MLE method u s i n g  CLE models. F i g u r e  2 . l , a , b  shows 

t h e  MLE r e s u l t s  f o r  i n s t a n t a n e o u s  a l b e d o  w i t h  s a t e l l i t e  z e n i t h  a n g l e  c u t o f f  

v a l u e  of 90° and 70° r e s p e c t i v e l y  compared wi th  t h e  SAB method. I n  b o t h  

Ficjtires , t h e  parameters  of l i n e a r  c o r r e l a t i o n  are shown on t h e  f i g u r e  a l o n g  

w i I 5 1  t3ie r m s  d i f f e r e n c e  between t h e  MLE and S A B  v a l u e s .  

The longwave f l u x  v a l u e s  are compared i n  F i g u r e  2.2d,b Fur dayt ime 

longwave f l u x ;  Figure 2.3a,b f o r  n i g h t t i m e  longwave f l u x ;  and F i g u r e  2.4a,b 

fo r  t o t a l  ( d a y ,  n i g h t  a v e r a g e )  longwave f l u x ,  r e s p e c t i v e l y .  The s u b t l e  

d i f f e r e n c e s  between t h e  90 amd 70° c u t o f f  cases are n o t  a p p a r e n t  a t  t h i s  

l e v e l .  I n  g e n e r a l ,  RMS d i f f e r e n c e s  are s m a l l e r  i n  t h e  70 c u t o f f  case. The 

c o r r e l a t i o n  c o e f f i c i e n t  R i s  l a r g e r  t h a n  0.99 i n  a l l  cases, i n d i c a t i n g  t h a t  

t h e  CLE-90 and CLE-70 r e s u l t s  are v e r y  h i g h l y  c o r r e l a t e d  w i t h  t h e  SAB 

0 

0 
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FIGURE 2 . 2  Regression p l o t  o f  monthly mean dayt ime longwave f l u s  
(W/m2) u s i n g  CLE models on t h e  o r d i n a t e  and SXB method 
on t h e  a b s c i s s a .  Parameters  of  l i n e a r  r e g r e s s i o n ,  c o r r e -  
l a t i o n  c o e f f i c i e n t ,  and RMS d i f f e r e n c e s  between t h e  TX 
means are a l s o  shown. (a) 90" c u t o f f  i n  s a t e l l i t e  z e n i t h  
ang le ;  (b )  70" c u t o f f  i n  s a t e l l i t e  z e n i t h  a n g l e  bo th  f o r  
CLE. R e s u l t s  are f o r  the month of  June 1979. 

8 



d N E  1979 
NIGHT 

B = - 4.24 

R = 0.992 

d-t” ..J RMS d i f f .  = 5.28 

320. U POOR Q A U l Y Y  

c 
L 
E 

240.0 

160.0 

(a )  
0.0 I I I I I I I I 

SAB 

JJNL IS75 
NIGH7 U U  DEG.CUT@Crj 

403.0 

c 

a = - 1.56 
b = 1.011 
R = 0.9% 

RMS d i f f .  = 3.41 

(b 1 
0.0 I I I I 1 I 1 I 

5 w  

FIGURE 2 .3  Regression p l o t  o f  monthly mean n i g h t t i m e  longwave f l u x  
(W/m2) u s i n g  CLE models on t h e  o r d i n a t e  and SAB method 
on t h e  a b s c i s s a .  Parameters  o f  l i n e a r  r e g r e s s i o n ,  c o r r e -  
l a t i o n  c o e f f i c i e n t ,  and R>lS d i f f e r e n c e s  between t h e  T.4 
means are a l s o  shown. ( a )  90” c u t o f f  i n  s a t e l l i t e  z e n i t h  
ang le ;  (b)  70’ c u t o f f  i n  s a t e l l i t e  z e n i t h  a n g l e  bo th  f o r  
CLE. R e s u l t s  a r e  f o r  t h e  month of  June 1979.  
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FIGURE 2.4 Regression plot of monthly mean day. night averaged 1ongv;ave 
flux (W/m2) using CLE models on the ordinate and SAB method 
on the abscissa. Parameters of linear regression, corre- 
lation coefficient. and RYS differences between the TA 
means are also shown. (a) 90" cutoff in satellite zenith 
angle; (b) 70" cutoff in satellite zenith angle both f o r  
CLE. Results are for the month of June 1979. 
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v a l u e s .  A complete  l i s t  of t h e  parameters  of l i n e a r  r e g r e s s i o n  and t h e  

v a l u e s  of t h e  RMS d i f f e r e n c e s  f o r  t h e  90' and 70' c u t o f f  cases, i s  g i v e n  i n  

T a b l e  2.1. 

Merca tor  maps of t h e  a l b e d o  and t h e  longwave f l u x  d i f f e r e n c e s  a re  shown 

i n  F i g u r e s  2.5-2.7 f o r  t h e  CLE-70 case. Albedo d i f f e r e n c e s  a re  shown i n  

pe rcen tages  i n  F i g u r e  2.5 

d i f f e r e n c e s  t y p i c a l l y  are  

is  o v e r  t h e  east P a c i f i c  

longwave f l u x  d i f f e r e n c e s  

v a l u e s  of t h e  f l u x  could 
n 

L 
w h i l e  the  longwave f l u x  cases a re  i n  W/m . Albedo 

2% o r  l e s s  o v e r  most of t h e  globe.  The e x c e p t i o n  

where va lues  as l a r g e  as 6% seem t o  appear .  The 

f o r  t h e  dayt ime (F ig .  2.6) show t h a t  t h e  r e g i o n a l  

be d i f f e r e n t  up t o  nea r ly  5 W / m  and d o  not ever 2 

L reach 10 W/m d i f f e r e n c e s .  Night t ime f l u x  d i f f e r e n c e s  ( F i g .  2.7) are h i g h e r  

ove r  t h e  land  masses i n  North and South America and ove r  t h e  South P a c i f i c  

reg ions .  S i m i l a r  s t r u c t u r e  e x i s t s  i n  t h e  t o t a l  f l u x  d i f f e r e n c e s .  With t h e  

c u t o f f  a t  70°, t h e r e f o r e ,  t h e r e  i s  g e n e r a l  agreement between t h e  r e f l e c t e d  

and emi t t ed  f l u x e s  except  ove r  i s o l a t e d  regions.  The n i g h t t i m e  d i f f e r e n c e  is 

l a r g e r  because of t h e  u s e  of daytime emiss ion  models f o r  c o r r e c t i n g  t h e  

r ad iances  a t  n igh t .  

2.1.2 Z o n a l  Mean Ccnparisoos 

D i f f e r e n c e s  i n  z o n a l l y  averaged i n s t a n t a n e o u s  a l b e d o  va lues  a r e  p l o t t e d  

i n  F i g u r e s  2 .8a,b f o r  t h e  90' and 70' s a t e l l i t e  z e n i t h  angle c u t o f f  cases 

respectively. A t  t h e  90' c u t o f f  ang le ,  CLE 90, which u s e s  MLE, s l i g h t l y  

ove res t ima tes  ( r e l a t i v e  t o  SAB) t h e  i n s t a n t a n e o u s  a l b e d o  ove r  s e v e r a l  

l i i t i c u d e  bands .  The largest  d i fEe rence  is ove r  t h e  snow covered reg ions  of 

t h e  oceans i n  t h e  s o u t h e r n  hemisphere. For o t h e r  l a t i t u d e s ,  t h e  d i f f e r e n c e s  

11 



TABLE 2.1 SAB, MLE Parameter Regression Relationships 

900 Case 

Param Data Sample Intercept Gradient Corr. RMS 
Size Coeff. diff. 

xnst. 

LW flux 

Albedo 1909 0.017 0.948 0.992 0.016 .................................................................... 
(day 1 1912 0.348 1.001 0.993 3.79 .................................................................... 

LW flux 
(night) 1930 -1.561 1.011 0.996 3.41 .................................................................... 

LW flux 
(Total) 1844 -2.158 1.012 0.995 3.09 
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FIGURE 2.8 Zonally averaged monthly mean instantaneous albedo 
differences (as fractions) between SAB and CLE.  CLE90 
and CLE70 refer to cutoff at 90' and 70" cases  with the 
MLE method. (3) CLE 90" case; (b) CLE 70' case. 
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are  about  0.01 o r  less i n  albedo. A t  t h e  70' c u t o f f ,  t h e  MLE method 

u n d e r e s t i m a t e s  ( r e l a t i v e  t o  SAB) t h e  a lbedo.  Over most l a t i t u d e  zones ,  t h e  

d i f f e r e n c e s  a re  c l o s e  t o  z e r o  and g e n e r a l l y  t end  t o  be  of o p p o s i t e  s i g n  t o  

t h e  SAB,  CI,E 90 d i f f e r e n c e s .  

The longwave f l u x  d i f f e r e n c e s  are  shown i n  F i g u r e s  2.9a,b;  2.10a,b; and 

2 .1 l a ,b ,  f o r  dayt ime,  n i g h t t i m e  and day-night a v e r a g e  cases r e s p e c t i v e l y .  

Daytime f l u x  averages  a t  t h e  zonal  l e v e l  tend t o  be g e n e r a l l y  smaller wi th  

cu to f f  angle a t  90' r e l a t i v e  t o  the  SAB method (F ig .  2.9a).  I n  t h e  case of 

cu to f f  a t  70°, t h e  d i f f e r e n c e s  ( F i g .  2.9b) a r e  smaller and a re  of t h e  o r d e r  

of 1 t o  1.5 W/m2 compared w i t h  a mean v a l u e  of 5 W/m2 f o r  t h e  MLE 90' case. 

The i m p l i c a t i o n  of t h e  d i f f e r e n c e s  between t h e  90' and 70' cases i s  t h a t ,  

between 70' and 90°, t h e  l imb  c o r r e c t i o n  i s  smaller, t end ing  t o  reduce t h e  

longwave f l u x  v a l u e s  when a l l  t h e  o b s e r v a t i o n s  up t o  90' are inc luded .  The 

case of 70 cu to f f  (CLE 70) shows a b e t t e r  agreement wi th  t h e  SAB z o n a l  

means. The n i g h t t i m e  (F ig .  2.10a,b) and t o t a l  longwave (F ig .  2.11a,b) f l u x  

d i f f e r e n c e s  show s i m i l a r l y  l a r g e  va lues  a t  90 c u t o f f ,  w h i l e  70' cu to f f  cases 

show b e t t e r  agreement w i t h  t h e  SAB method. S i n c e  t h e  SAB method i n c l u d e s  a l l  

r a d i a n c e  means up t o  90 and i ts  agreement wi th  M L E  70 i m p l i e s  t h a t  t h e  l imb  

c o r r e c t i o n  be ing  a p p l i e d  a t  large z e n i t h  angles i s  not  c o r e c t .  The l a r g e s t  

d i f f e r e n c e  i n  both t h e  n i g h t t i m e  and t o t a l  longwave f l u x  f o r  t h e  90 case 

occurs  i n  t h e  r eg ion  of t h e  ZTCZ. T h i s  might mean t h a t  t h e  cloud emiss ion  

0 

0 

0 

0 

modeLs could be i n  some error. 

2.1-3 G l o b a l  Meam 

The z o n a l  mean v a l u e s  are  used t o  compute t h e  g l o b a l  means which a r e  

The g l o b a l  means w i t h  t h e  s t a n d a r d  d e v i a t i o n s  f o r  the 90' shown i n  Table  2.2. 
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TABLE 2 . 2  Global  Averages Using SAB and MLE Methods. 

Monthly Means for June 1979.  

Rad i a  t ion 
Budget 
Parameter 

1 

M -----------------_------ 
SAB Method o s  < 90° 

and 70° cu to f f  cases are  inc luded  i n  t h e  tab le .  Also inc luded  a re  t h e  

computed v a l u e s  w i t h  t h e  SAR method, which p r o v i d e s  t h e  v a l u e s  for 

coinparison. RMS d i t t e r e n c e s  ot t h e  MLK 90 and MLE 70 cases from t h e  SAB case 

a r e  a l s o  shown i n  t h e  t a b l e .  The i n s t a n t a n e o u s  a l b e d o  v a l u e s  expres sed  as 

p e r c e n t a g e s  a re  28.1 and 27.8 f o r  t h e  M L E  90 and MLE 70 cases w h i l e  t h e  SAB 

g i v e s  a v a l u e  ot 27.4. The KMS d i f f e r e n c e  is smaller i n  t h e  MLE 70 case. 

E a r l i e r  r e s u l t s  of comparisons d t h  t h e  zonal and TA means a l s o  s u p p o r t  t h e  

c o n c l u s i o n  t h a t  t h e  711 c u t o f t  case  g i v e s  c loser  agreement w i t h  t h e  SAB 

r e s u l t s .  The  longwave f l u x e s  a l s o  l e a d  t o  a s i m i l a r  conclus ion .  The MLE 70 

method g i v e s  longwave f l u x  v a l u e s  which d i f t e r  from ttie S A B  method by 0.5 t o  

0.9 W/m w h i l e  i n  t h e  MLE 9U case t h e  d i f f e r e n c e s  a r e  of t h e  o r d e r  of 3 t o  5 

W / m  . The KMS d i f f e r e n c e s  have  a l s o  improved i n  t h e  MLE 70 case. 

0 

2 

2 

2.1.4 Conclusiolls 

Based upon t h e  above comparisons, g l o b a l ,  zonal and TA a v e r a g e s  of t h e  

r a d i a t i o n  budget pa rame te r s  d e r i v e d  u s i n g  t h e  MLE method w i t h  CLE a n g u l a r  
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models show a very good agreement w i t h  t h e  pa rame te r s  d e r i v e d  from t h e  SAB 

method. The agreement is e s p e c i a l l y  good a t  a l l  t h e  above  s p a t i a l  scales 

when o b s e r v a t i o n s  above 70 i n  s a t e l l i t e  z e n i t h  angle a re  removed from t h e  0 

sample. 

2.2 TARGET AREA STUDIES 

T o  h e l p  f u r t h e r  v a l i d a t e  t h e  MLE approach ,  20 t a r g e t  areas have  been 

chosen € o r  d e t a i l e d  s tudy .  These  t a r g e t  areas a re  shown on t h e  E K R  wor ld  

g r i d  (F ig .  2.12) and a re  denoted  by symbols A t h rough  T. These  a re  t h e  same 

T A s  u sed  € o r  d e t a i l e d  a n a l y s i s  by t h e  ERBE team (VI-6-4 of EKBE release 3 

s p e c i f i c a t i o n s ,  ed. R. Green, A p r i l  1983; unpub l i shed) .  I n  t h e  Nimbus-7 

g l o b a l  g r i d  convent ion ,  t h e  T A s  are  25, 96, 330, 5 8 5 ,  6 6 2 ,  889, 1121, 1146, 

1418, 1423, 1444, 1498, 1527, 1657, 1660, 1767, 1782, 1948, 1957, 2025. 

2.2.1 Monthly Meam 

For t h e s e  20 T A s ,  monthly mean a l b e d o  and longwave f l u x e s  a r e  compared 

u I i I ! i  t h e  SA8 values .  When t h e s e  TAs a r e  c l a s s i f i e d  p u r e l y  on t h e  basis of 

t.r~e under ly ing  s u r f a c e ,  t hey  EalL i n t o  t h e s e  c a t e g o r i e s :  

Land : 

Snow: A , B , T  
Desert: I , J , L  

D , F , N  ,O ,Q ,R 
Ocean: C , E , G , H , K , M , P , S  

Ins t an taneous  a lbedo  d i t i e r e n c e s  t o r  t he  2(J T A s  a re  shown i n  F i g u r e  2.13a,b 

f o r  t h e  90' and 70' c u t o f t  cases. I n  both cases, ocean  T A s  seem t o  indicate 

small a b s o l u t e  d i f f e r e n c e s  w i t h  t h e  SAH method compared t o  t h e  T A s  w i t h  land 

as u n d e r l y i n g  s u r f a c e .  Albedo v a l u e s  f o r  t h e  ocean  TAs seem t o  d i € E e r  from 

SAB v a l u e s  by 0 . 0 2  o r  less,  w i t h  t h e  only  e x c e p t i o n  of H (TA 1146) which is 

i n  t h e  e q u a t o r i a l  P a c i f i c  and belongs t o  t h e  ZTCZ. The re  is  a l s o  a g e n e r a l  

t endency  f o r  t h e  albedo d i f f e r e n c e  t o  d e c r e a s e  i n  t h e  70" case r e l a t ive  t o  
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t h e  90' case. 

which are  ocean TAs. 

Here a g a i n ,  t h e  primary e x c e p t i o n s  are TAs H ,  M and P ,  a l l  of 

Daytime longwave f l u x  comparisons a re  shown i n  F i g u r e  2.14a,b. F o r  many 

TAs, t h e  f l u x  d i f f e r e n c e s  a re  i n  e x c e s s  of 5 W/m2 and f o r  H (TA 1146) i n  

excess  of 10 W/m . I n  none of t h e  cases i s  t h e  MLE v a l u e  l a r g e r  t h a n  t h e  SAB 

v a l u e .  A t  70' c u t o f f ,  t h e  f l u x  d i f f e r e n c e s  are s t i l l  p o s i t i v e ,  but  dropped 

s i g n i f i c a n t l y .  TA 1146 which belongs t o  t h e  ITCZ i s  t h e  only e x c e p t i o n  w i t h  

a d i f f e r e n c e  c l o s e  t o  9 W/m . S i m i l a r  TA behavior  i s  not iced  i n  F i g u r e  

2.15a,b f o r  t h e  n i s h t t i m e  longwave f l u x e s .  These v a l u e s  i n  g e n e r a l  show 

b e t t e r  agreement w i t h  SAB. The improvement a t  70 c u t o f f  is  a l s o  apparent .  

The e x c e p t i o n  i s  G ,  t h e  ocean TA 1121 i n  t h e  e q u a t o r i a l  east A t l a n t i c .  The 

t o t a l  longwave f l u x  shows a s i m i l a r  t r e n d  (F ig .  2.16a,b).  It  is  noteworthy 

t h a t  TAs denoted by G and H s t a n d  o u t  i n  t h e i r  d i f f e r e n c e s  from t h e  SAB by as 

much as 12 t o  13 W/m i n  t o t a l  longwave f l u x  f o r  G and O b 0 3  i n  albedo for 

TA H.  

2 

2 

0 

2 

2.2.2 Day t o  Day Dispersion 

One of t h e  primary advantages of t h e  MLE method is t h a t  r e g i o n a l  

r a d i a t i o n  budget parameters could be computed on a d a i l y  b a s i s .  F o r  each 

day, t h e r e f o r e ,  a mean v a l u e  and a s t a n d a r d  d e v i a t i o n  c a n  be o b t a i n e d  f o r  t h e  

a l b e d o  and longwave f l u x .  T h i s  i s  not p o s s i b l e  w i t h  t h e  SAB method. The 

method provides  a s i m p l e  i n t e g r a t e d  v a l u e  of t h e  a l b e d o  o r  t h e  longwave f l u x  

as a monthly mean. It  is not p o s s i b l e  t o  d e t e r m i n e  t h e  v a r i a n c e  i n  t h e  f l u x  

i n  a day o r  t h e  v a r i a t i o n  from day t o  day d u r i n g  t h e  month. Use of t h e  SAB 

method f o r  i n t e r v a l s  smaller t h a n  a month is  i n v e s t i g a t e d  i n  s e c t i o n  5 and 

t h e  d e g r e e  of b i a s  i n t r o d u c e d  due t o  u s e  of smaller tempora l  i n t e r v a l  and of 

d i f f e r e n t  s p a t i a l  scale a v e r a g i n g  are  d i s c u s s e d  i n  t h a t  s e c t i o n .  
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D a i l y  mean values of t h e  albedo w i t h  t h e  associated s t a n d a r d  d e v i a t i o n  

. are shown i n  F i g u r e s  2.17, 2.18, 2.19 and 2.20. The surface c h a r a c t e r i s t i c s  

f o r  the TAS used i n  t h e s e  f igures  are  snow covered ocean (TA B), coastal l a n d  

i n  South America (TA D), Desert (TA I ) ,  and l a n d  i n  c o n t i n e n t a l  U.S.  (TA 01, 

r e s p e c t i v e l y .  The v a l u e s  of monthly mean albedo are shown as l i n e s  across 

t h e  f i g u r e  f o r  MLE 90 ( 9 1 ,  for MLE 70 (71 ,  and SAB (SI. The day  number is 

shown on t h e  abscissa. Day 152 cor responds  t o  June  1. TA 96,  which is 

covered w i t h  snow over  t h e  ocean ,  d i d  n o t  have a v a l u e  w i t h  t h e  SAB method, 

due  to  i n a d e q u a t e  sampling,  Ins tan taneous  a l b e d o  w i t h  t h e  90° case i s  i n  

e x c e s s  of 0.70 whi le  w i t h  70° c u t o f f  it is closer to  0.60. The day-to-day 

variation i n  t h e  albedo i s  appparent  i n  t h e  f i g u r e .  The v a l u e  of s t a n d a r d  

d e v i a t i o n  on each d a y  is a l s o  s i g n i f i c a n t .  Obviously,  from a r a d i a t i o n  

s t a n d p o i n t ,  t h i s  is a very  a c t i v e  TA. F igure  2.18 shows t h e  i n s t a n t a n e o u s  

a l b e d o  f o r  TA 585. The SAB v a l u e  der ived  f o r  t h i s  TA is  s l i g h t l y  l a r g e r  t h a n  

t h e  MLE va lue .  The MLE 90 and MLE 70 ( 9 ,  7 cases) a l b e d o  v a l u e s  are almost 

i d e n t i c a l .  The e f f e c t  o f  c l o u d s  is  n o t i c e a b l e  around d a y  157 and more 

prominent ly  f o r  day 167. The va lue  of  t h e  s t a n d a r d  d e v i a t i o n  a lso i n c r e a s e s  

on those days  when c l o u d s  are present. 

The case of t h e  d e s e r t  TA i s  shown i n  F i g u r e  2.19. The a l b e d o  is close 

to  0.3 f o r  a l l  t h r e e  cases ( S I  9 ,  7 ,  r e s p e c t i v e l y ) .  Meteorology and d a y  

number p l a y  no p a r t  i n  t h e  a l b e d o  value.  The s t a n d a r d  d e v i a t i o n  on any g i v e n  

day  is very  sinal1 and t h e r e  i s  hard ly  any d i f f e r e n c e  from day  t o  day. Clouds 

do not appear  i n  t h i s  r e g i o n  and no a l b e d o  changes t a k e  place. This  TA, from 

a r e f l e c t e d  f l u x  p o i n t  of  view, i s  v e r y  i n e r t .  F i g u r e  2.20 shows t h e  d a i l y  

v a r i a t i o n  of t h e  a l b e d o  f o r  a TA l o c a t e d  i n  c e n t r a l  U.S. The e f f e c t  o f  c l o u d s  
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eve ry  few days i s  appa ren t  from t h e  a lbedo  mean v a l u e .  The SAB method g i v e s  

an a l b e d o  v a l u e  s l i g h t l y  smaller than  t h e  two MLE methods which a r e  v e r y  

n e a r l y  t h e  same. 

2.3 SCENE SELECTION ADEQUACY USING l4LE 

A c l e a r  v a l i d a t i o n  o f  t h e  scene  s e l e c t i o n  accu racy  u s i n g  t h e  MLE method 

i s  through comparison o f  t h e  c loud  i d e n t i f i c a t i o n s  w i t h  o t h e r  a v a i l a b l e  c loud  

d a t a s e t s .  For t h i s  purpose ,  d a i l y  and monthly mean c l o u d  amounts d e r i v e d  

from t h e  MLE method a r e  compared wi th  T H I R  c l o u d  amounts i n  s e c t i o n  9. The 

t o t a l  c loud  amount is d e r i v e d  assuming t h a t  t h e  mean c loud  amounts i n  p a r t l y  

c loudy (5-50% c loud)  and most ly  c loudy (50-95% c l o u d )  s i t u a t i o n s  are  25% and 

75% r e s p e c t i v e l y ,  whi le  t h e  c l ea r  and cloudy cases a r e  t r e a t e d  a s  0% and 100% 

cloud.  A d i f f e r e n t  but  an i n d i r e c t  way o f  t h e  v a l i d a t i o n  i s  p o s s i b l e  by 

looking  a t  t h e  computed a lbedo  v a l u e s  a t  d i f f e r e n t  s a t e l l i t e  z e n i t h  a n g l e  

i n t e r v a l s .  E a r l i e r  s t u d i e s  ove r  t h e  s a t e l l i t e  z e n i t h  a n g l e  e f f e c t  (Vemury e t  

a l . ,  1984) i n d i c a t e d  an i n c r e a s e  i n  a lbedo  w i t h  s a t e l l i t e  z e n i t h  a n g l e ,  

p r i m a r i l y  due t o  inc reased  c loud  c l a s s i f i c a t i o n  a t  t h o s e  a n g l e s .  

A s cene  i d e n t i f i c a t i o n  r e l i a b i l i t y  index  i s  d e f i n e d  i n  Vemury (1985) t o  

e v a l u a t e  t h e  degree t o  which t h e  MLE method h a s  been a b l e  t o  i d e n t i f y  t h e  

s cene  c o r r e c t l y .  T h e  index  p rov ides  t h e  f r a c t i o n  o f  o b s e r v a t i o n s  which a r e  

w i t h i n  one s tandard  d e v i a t i o n  ( 1  0 c a s e )  or two s t a n d a r d  d e v i a t i o n s  ( 2  0 

c a s e )  from t h e  mean r a d i a n c e  v a l u e s  for  t h e  chosen  scene. T h i s  index  i s  t h u s  

a measure o f  how we l l  t h e  method performs under  d i f f e r e n t  c o n d i t i o n s ,  f o r  

example,  when  longwave d a t a  on ly  a r e  used ,  o r  longwave and shortwave a r e  used 

t o g e t h e r ,  e t c .  T h i s  s u b s e c t i o n  w i l l  p r o v i d e  a b r i e f  a n a l y s i s  of t h e s e  

r e s u l t s .  

34 



2.3.1 Albedo Dependence on S a t e l l i t e  Z e n i t h  Angle 

B i a s e s  i n  t h e  computed r e f l e c t e d  f l u x e s  wi th  s a t e l l i t e  z e n i t h  a n g l e  

u s i n g  Nimbus-7 s c a n n e r  d a t a  have been noted  by Vemury e t  a l .  ( 1 9 8 4 )  and 

Arking and Vemury ( 1 9 8 4 ) .  Arking and Vemury d i v i d e d  t h e  o b s e r v a t o n s  i n t o  4 

groups depending upon t h e  s a t e l l i t e  z e n i t h  a n g l e .  These groups c o n s i s t  o f  

0 - 3 0 ° ,  3Oo-45O, 45O-6Oo, and 60'-90'. A similar breakdown o f  t h e  

i n s t a n t a n e o u s  a l b e d o  i n t o  4 groups is done i n  t h e  p r e s e n t  case f o r  t h e  v a l u e s  

u s i n g  t h e  MLE method. The r e s u l t s  f o r  ocean TA I121 are  shown i n  F i g u r e  

2 . 2 1 .  The f i v e  d i f f e r e n t  cases i n  t h e  f i g u r e  cor respond t o  c l e a r  ocean,  

p a r t l y  c loudy over  ocean,  most ly  cloudy o v e r  ocean,  o v e r c a s t  o v e r  ocean,  and 

combined c a s e .  The f o u r  i n t e r v a l s  i n  each of  t h e s e  c a s e s  correspond t o  

a n g u l a r  i n t e r v a l s  0-30 , 3Oo-45O, 45O-6Oo, and 60'-90°, denoted by I ,  2 ,  

3,and 4 .  These r e s u l t s  d o  n o t  i n d i c a t e  a l b e d o  b i a s e s  w i t h  s a t e l l i t e  z e n i t h  

a n g l e  i n t e r v a l .  W e  i n t e r p r e t  t h i s  t o  mean t h a t  t h e  s a t e l l i t e  z e n i t h  a n g l e  

r e l a t e d  b i a s e s  do n o t  appear  w i t h  t h e  MLE a lgor i thm.  One c a s e  o f  land  and 

one c a s e  o f  d e s e r t  a r e  shown i n  F i g u r e s  2 . 2 2  and 2 . 2 3  r e s p e c t i v e l y .  These 

a l s o  suppor t  t h e  above conclus ion .  

0 

2.3.2 Scene I d e n t i f i c a t i o n  R e l i a b i l i t y  Index  

The index  is  d e f i n e d  i n  Vemury ( 1 9 8 5 ) .  The v a l u e s  of  t h e  index  are 

computed for each of  t h e  12 s u r f a c e s  and a r e  shown i n  f o u r  c a t e g o r i e s  ( a l s o  

d e f i n e d  i n  Vemury, 1985)  i n  Table  2 . 3 .  I n  t h e  normal u s e  of t h e  longwave and 

shortwave t o g e t h e r  d u r i n g  dayt ime,  5 9 . 3 %  of  t h e  LW, SW o b s e r v a t i o n s  on day 

x,., 
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152 are w i t h i n  one s t anda rd  d e v i a t i o n  ( + I  - a> of  t h e  means when t h e  whole 

g lobe  i s  cons idered .  I n  t h e  case o f  - +2  o ,  t h e  number i n c r e a s e s  t o  9 5 . 9 % .  I f  

shortwave o b s e r v a t i o n s  o n l y  a re  c o n s i d e r e d ,  pe rcen tage  o f  o b s e r v a t i o n s  w i t h i n  

- + 1 0 and - + 2 CI a r e  7 9 . 7 %  and 98.8%, r e s p e c t i v e l y .  The PRCNT values  no ted  i n  

t h e  t a b l e  are  r e a l l y  f r a c t i o n s  and n o t  pe rcen tages .  The va lues  f o r  day 153 

are a l s o  shown i n  t h e  t a b l e  and t h e  g e n e r a l  p a t t e r n  of scene  c a t e g o r i z a t i o n  

is  t h e  same from day t o  day. For t h e  i n d i v i d u a l  s cene  t y p e s  f o r  a g iven  day ,  

t h e  v a l u e s  are  shown i n  each  c a t e g o r y  i n  t h e  t a b l e  and are  a l s o  shown i n  t h e  

h is tograms i n  F igu res  2 . 2 4  and 2 . 2 5  for t h e  I 5 and 2 a c a s e s  r e s p e c t i v e l y .  

A t  t h e  1 a l e v e l ,  most s u r f a c e s  i n d i c a t e  v a l u e s  a t  t h e  60% l e v e l  e x c e p t  f o r  

t h e  d e s e r t  case. A t  t h e  2 CJ l e v e l  ( F i g .  2 . 2 5 1 ,  t h e  f r a c t i o n s  are  c l o s e  t o  

1.0 i n  a l l  cases, i n d i c a t i n g  t h a t  more t h a n  95% o f  t h e  o b s e r v a t i o n s  i n  each 

c a t e g o r y  a r e  wi th in  2 o o f  t h e  r e s p e c t i v e  means. 

2.4 CONCLUSIONS 

S e v e r a l  improvements i n  t h e  d a t a s e t s  and a lgo r i thms  a re  made i n  t h e  

p r e s e n t  s tudy .  Most of t h e  a n a l y s e s  on t h e  r a d i a t i o n  budget  pa rame te r s  

( s e c t i o n  2 . 1 1 ,  t a r g e t  area r e l a t e d  s t u d i e s  ( s e c t i o n  2 . 2 1 ,  and scene  s e l e c t i o n  

s t a t i s t i c s  ( 2 . 3 )  are  r e p e a t e d  wi th  t h e  "improved b a s e l i n e "  r e s u l t s .  The new 

r e s u l t s  improve and conf i rm t h e  c o n c l u s i o n s  o f  t h e  ea r l i e r  s t u d y .  The 

r e s u l t s  i n  t h i s  study are  based upon t h e  "CLE" a n g u l a r  models.  
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SECTION 3 

EFFECT OF GOES MODELS 

Angular d i s t r i b u t i o n  models p l a y  a v e r y  impor tan t  r o l e  i n  t h e  e s t i m a t i o n  

of t h e  r a d i a t i o n  budget q u a n t i t i e s .  They are necessa ry  i n  t h e  scene  

s e l e c t i o n  p r o c e s s  u s i n g  t h e  MLE method and t h e y  a r e  a l s o  used t o  c o n v e r t  t h e  

measured r a d i a n c e s  t o  i n s t a n t a n e o u s  r e f l e c t e d  f l u x e s .  The models d e r i v e d  

from Nimbus-7 E R B  r e f e r r e d  t o  a s  ERB-7 models a re  p r i m a r i l y  f o r  noontime 

c o n d i t i o n s .  S i n c e  two o f  t h e  t h r e e  E R B E  i n s t r u m e n t s  w i l l  be  o r b i t i n g  a t  

t i m e s  d i f f e r e n t  from noon, i t  is  important  t o  know t h e  e f fec t  on t h e  computed 

r e f l e c t e d  f l u x  u s i n g  b i d i r e c t i o n a l  m o d e l s  d e r i v e d  from t h e  g e o s t a t i o n a r y  GOES 

s a t e l l i t e .  The r e s u l t s  i n  t h i s  s e c t i o n  w i l l  d e a l  w i t h  t h e  u s e  o f  

b i d i r e c t i o n a l  models d e r i v e d  from GOES. 

3.1 EFFECT ON BUDGET PARAMETERS 

Of pr imary  i n t e r e s t  i n  t h i s  s tudy i s  t h e  e f f e c t  o f  GOES models on t h e  

i n s t a n t a n e o u s  a l b e d o  and day and n ight  longwave f l u x  v a l u e s .  To e v a l u a t e  t h e  

effect  of t r u n c a t i o n  on t h e s e  parameters ,  t h e  r a d i a n c e  v a l u e s  ob ta ined  a t  

s a t e l l i t e  z e n i t h  a n g l e  g r e a t e r  than a s p e c i f i e d  z e n i t h  a n g l e  8 are no t  

cons ide red  i n  t h e  computat ion.  A va lue  o f  8 = 90 would cor respond t o  t h e  

u s e  o f  t h e  e n t i r e  sample.  Values  of 8 up  t o  40 a r e  used i n  s t e p s  o f  10 

each  t i m e .  A t  t h e s e  c u t o f f  a n g l e s ,  g l o b a l  mean v a l u e s  of  t h e  i n s t a n t a n e o u s  

a lbedo ,  dayt ime and n i g h t t i m e  longwave f l u x e s  a re  ob ta ined  and a r e  p r e s e n t e d  

i n  Tab le  3 .1 .  These r e s u l t s  a r e  f o r  June I ,  1979 o r  day 152 o f  1979. 

C 
0 

C 
0 0 

C 
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TABLE 3.1 Use of GOES Models (Day 152, S a t .  Zen. Cutof f  S tudy)  

9 0 "  80" 70° 60" soo 40" 

TABLE 3.2a.  E f f e c t  o f  S a t e l l i t e  z e n i t h  Angle Cutof f  
Using Nimbus-7 B i d i r e c t i o n a l  Models (Vemury, 1985) - --_ - - - _____ ~. ~ . . . . - 

MLE 
- . . . - . - . .. - . - - - - - - - - - _ _  - - - - _ _  - - - - _ __ ___ -_ - -- - - . . .. - - . . . - - -. - - __ __ _ - - _ 

Dai ly  Global  Averages 
June  1, 1979 

_ - _--_ -_ _ _  - - -. - . . .. . . - . - . - - 

D e s c r i p t i o n  NIMBUS N1M:US NIMBUS NIMBUS NIMBUS NIM!US 
goo 80 70" 60" 50" 40 

TABLE 3.2b.  Number of TAs Sampled a t  Each Cutof f  An le. 
The maximum number over t h e  g l o b e  is 2070 TAs. 
(Nimbus-7 Models; 

SAMPLE SIZES 

Number of TAs Used Max. Number = 2070 TAs 

Desc r i p t  ion  NIMPUS NIMBUS NIQUS NIMBUS NIMBUS 
90 7 0" 60 5 0' 4 0" 

TAI3LE 3.3 Use O f  GOES Models 

SAMPLE SIZES 
- __ - - -  

90" Q 0' 7 0 "  60"  50" 4 0' 
..- -~ .. . . - ~ ______. . . . _ _  _. . .. . - - ---- 
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. 

R e s u l t s  o f  a s imilar  s t u d y  using ERB-7 models a r e  d i s c u s s e d  i n  Vemury 

(1985) and shown i n  Table  3.2a. There a r e  some d i f f e r e n c e s  between t h e  i n p u t s  

f o r  t h e  two s t u d i e s ,  b u t  t h e  o v e r a l l  r e s u l t s  i n d i c a t e  a s i m i l a r  t r e n d .  The 

amount o f  d e c r e a s e  i n  t h e  i n s t a n t a n e o u s  a l b e d o  (28.65 a t  90' t o  25.77 a t  40') 

u s i n g  GOES models is  almost  double  t h e  cor responding  d e c r e a s e  (28.1 t o  26.7) 

u s i n g  ERB-7 models. T h i s  could imply t h a t  t h e  ERB-7 models a r e  b e t t e r  (more 

a p p r o p r i a t e )  i n  r e d u c i n g  t h e  e f f e c t  o f  scene  i d e n t i f i c a t i o n  d e f i c i e n c i e s  a t  

l a r g e  z e n i t h  a n g l e s .  The dayt ime longwave f l u x e s  show an i n c r e a s e  o f  4.6 

W/m2 between 90' and 40' cases us ing  GOES models. With t h e  ERB-7 models, 

t h i s  i n c r e a s e  f o r  t h e  day-time i s  6 .8  W/m . The cor responding  n i g h t  time 

2 2 v a l u e s  a r e  4 .3  W/m w i t h  GOES models and 3.7 m w i t h  ERB-7 models. 

2 

The numbers of TAs t h a t  c o n t r i b u t e d  t o  t h e  g l o b a l  mean i n  each o f  t h e  

above c a s e s  a r e  shown i n  Table  3.3. S i m i l a r  t o  t h e  ERB-7 c a s e  ( T a b l e  3 .2b) ,  

t h e  d r o p  i n  t h e  number of TAs c o n t r i b u t i n g  t o  t h e  g l o b a l  mean i s  s i g n i f i c a n t  

a t  lower z e n i t h  a n g l e  t h r e s h o l d s .  I n  t h e  case of  i n s t a n t a n e o u s  a lbedo ,  t h e  

number o f  TAs p r o v i d i n g  t h e  g l o b a l  mean i s  1201 o u t  o f  a p o s s i b l e  2070 for 

t h e  e n t i r e  g lobe .  S i m i l a r  decrease  i n  sampling o c c u r s  w i t h  day and n i g h t  

longwave f l u x e s  a l s o .  

3.2 EFFECT ON CLOUD AMOUNT 

E f f e c t  of  t h e  models on t..e choice o f  scene  from observed r a d i a n c e s  a t  

d i f f e r e n t  c u t o f f  a n g l e s  i s  presented  i n  Tables  3.4a,  3.4b, and 3 . 4 ~ .  

Hemispher ica l  and g l o b a l  c loud  amounts, a s  chosen by t h e  scene  i d e n t i f i c a t i o n  

p r o c e s s ,  a r e  shown f o r  t h e  daytime and n i g h t t i m e  o b s e r v a t i o n s  i n  Tables  3.4a 

and 3.4b r e s p e c t i v e l y ,  and i n  Table 3 . 4 ~  f o r  t h e  day-night a v e r a g e  c l o u d  
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TABLE 3.4a.. Cloud Hemispherical Averages Using GOES Models. 

Daytime June 1, 1979 

TABLE 3.4b. Cloud Hemispherical Averages Using GOES Models. 

Nighttime June 1, 1979 - 
Cutoff Angle 
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amount. For  t h e  dayt ime f o r  example, t h e  d e c r e a s e  i n  c l o u d  c l a s s i f i c a t i o n  

f o r  t h e  n o r t h e r n  hemisphere is about 4% w h i l e  t h e  d r o p  i n  t h e  s o u t h e r n  

hemisphere i s  almost  8% a t  40' c u t o f f  a n g l e .  Night t ime r e s u l t s  show a 

d i f f e r e n t  t r e n d ;  i n  b o t h  hemispheres t h e  c l o u d  amount v a l u e s  drop  t o  a 

minimum around 70 c u t o f f  a n g l e  and i n c r e a s e  a g a i n  a t  smaller z e n i t h  a n g l e s .  

Any c o n c l u s i o n s  on t h e  b a s i s  of t h e  n i g h t t i m e  r e s u l t s  a r e  n o t  a p p r o p r i a t e .  

The pr imary reason  i s  t h a t  no s e p a r a t e  n i g h t t i m e  longwave models e x i s t  i n  t h e  

a l g o r i t h m s  and t h e  scene  s e l e c t i o n  a t  n i g h t  depends only  on t h e  longwave 

r a d i a n c e s .  Table  3 . 4 ~  p r e s e n t s  the c loud  amount v a l u e s  f o r  t h e  day-night 

a v e r a g e  a t  t h e  same c u t o f f  angles .  The r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  a 

s l i g h t  o v e r a l l  i n c r e a s e  i n  t h e  cloud c l a s s i f i c a t i o n  a t  l a r g e r  s a t e l l i t e  

z e n i t h  a n g l e s .  

0 

3.3 CONCLUSION 

The i n s t a n t a n e o u s  a l b e d o  computed wi th  GOES models shows g r e a t e r  

s e n s i t i v i t y  t o  c u t o f f  a n g l e  compared w i t h  ERB-7 models. Longwave f l u x e s  

( d a y / n i g h t )  are s e n s i t i v e  n e a r l y  t o  the  same degree .  
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Th s c e n  

SBcICIota 4 

OF CORRELATIOU COEFFICIENTS 

s e l e c t i o n  u s i n g  the MLE method i s  depende t upon t h e  sample 

means and s t a n d a r d  d e v i a t i o n s  of b o t h  t h e  r e f l e c t e d  and emit ted r a d i a n c e  a s  

w e l l  as on t h e  c o r r e l a t i o n  c o e f f i c i e n t  between t h e  shor twave  and longwave 

r a d i a n c e s  i n  the sample. Both the  shortwave and longwave r a d i a n c e  samples 

are assumed to  f o l l o w  normal d i s t r i b u t i o n s .  The c o r r e l a t i o n  c o e f f i c i e n t  

varies from s c e n e  t o  s c e n e  and from a n g l e  t o  a n g l e .  The objective o f  t h e  

p r e s e n t  a n a l y s i s  is to  e v a l u a t e  the  s e n s i t i v i t y  of  s c e n e  s e l e c t i o n  a l g o r i t h m  

and the derived r a d i a t i o n  budget  parameters t o  t h e  u s e  of a c o r r e l a t i o n  

c o e f f i c i e n t  of  zero. 

4.1 -BAL AVERAGES WITH COR = 0 

I n  t h e  p o r t i o n  of t h e  a lgo r i thm d e a l i n g  w i t h  s c e n e  i d e n t i f i c a t i o n ,  t h e  

v a l u e  of t h e  c o r r e l a t i o n  c o e f f i c i e n t  (COR) is set  e q u a l  to  zero and t h e  

v a l u e s  of t h e  r a d i a t i o n  budget  q u a n t i t i e s  are computed. The v a l u e s  der ived 

t h u s  are shown i n  Table 4.1, a lony w i t h  t h e  cb r re spond ing  v a l u e s  for t h e  

nominal case r e f e r r e d  t o  here as MLE. The computa t ions  were performed for 

three d i f f e r e n t  days  i n  June ,  viz . ,  June  1 ,  June  10, and June  20, 1979. I n  

a l l  cases, t h e  d i f f e r e n c e  i n  t h e  i n s t a n t a n e o u s  g l o b a l  albedo i s  of t h e  order 

of 0.01. The longwave f l u x e s  a l s o  show ex t r eme ly  close agreement.  

R e s u l t s  of t h e  cicxnparison for  t h e  three d a y s  f o r  o b s e r v a t i o n s  w i t h  

s a t e l l i t e  z e n i t h  a n g l e  l e s s  than or e q u a l  t o  70 are shown i n  Table  4.2.  A t  

t h e  g loba l  l e v e l ,  t he  means t e n d  t o  show ex t r eme ly  good agreement.  

0 
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TABLE 4.1 E f f e c t  o f  Using Ze ro  C o r r e l a t i o n  C o e f f i c i e n t  i n  t h e  
MLE Method on t h e  G l o b a l  Mean V a l u e s  

S a t e l l i t e  Zeni th  Angle < 90° 

June  20, 1979 J u n e  1, 1979 June 10, 1979 

MLE COR = 0 MLE COR = 0 MLE COR 0 

TABLE 4.2 E f f e c t  of ,Using Zero C o r r e l a t i o n  c o e f f i c i e n t  i n  t h e  
WLE Method on t h e  o l o b a l  Mean Va lues  

S a t e l l i t e  Z e n i t h  Angle < 709 
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The r a d i a t i o n  budget parameters  f o r  a l l  t h e  t a r g e t  areas (TAs) f o r  the 

case of COR = 0 are compared w i t h  the  nominal case and t h e  r e s u l t i n g  l i n e a r  

r e g r e s s i o n  r e l a t i o n s h i p s  are computed. Tab le  4.3 p r e s e n t s  pa rame te r s  of t h e  

r e g r e s s i o n  d e r i v e d  from t h e  results f o r  t h e  sa te l l i te  z e n i t h  a n g l e  c u t o f f  

case of 90° and Table  4.4 shows t h e  same f o r  t h e  c u t o f f  case of  70°. A and B 

i n  t h e  t a b l e  are t h e  i n t e r c e p t  and t h e  g r a d i e n t  and R is  t h e  c o r r e l a t i o n  

c o e f f i c i e n t .  I n  a l l  cases, t h e  va lue  of R i s  1.0, i n d i c a t i n g  p e r f e c t  

c o r r e l a t i o n  between t h e  r e s u l t s  ob ta ined  w i t h  COR = 0.0 i n  t h e  a l g o r i t h m  and 

t h e  nominal r e s u l t s .  The i n t e r c e p t s  i n  t h e  case of longwave f l u x  comparison 

are non-zero b u t  are ex t r eme ly  small. For  t h e  n igh t t ime ,  f o r  which t h e  

c o r r e l a t i o n  c o e f f i c i e n t  p l a y s  no  p a r t  a t  a l l ,  t h e  d i f f e r e n c e  is due t o  t h e  

way t h e  scene  s e l e c t i o n  and f l u x  computa t ions  are performed. The scene  

s e l e c t i o n  a l g o r i t h m  provided  by NASA/LaRC t reats  a l l  o b s e r v a t i o n s  w i t h  s o l a r  

z e n i t h  a n g l e  g r e a t e r  than  90' as n igh t t ime  o b s e r v a t i o n s .  The f l u x  computat ion 

procedure  which is p a r t  of t h e  Nimbus-7 ERB a l g o r i t h m  u s e s  a v a l u e  of 88O f o r  

t h e  day-night d i s t i n c t i o n .  Thus the n i g h t t i m e  d i f f e r e n c e s  i n  t h e  i n t e r c e p t  

are g e n e r i c  t o  t h e  code d i f f e r e n c e s  and are n o t  t h e r e f o r e  real .  

Also shown i n  t h e  t a b l e s  4 .3  and 4.4 are t h e  g l o b a l  mean RMS d i f f e r e n c e s  

between t h e  two c a s e s  computed using a l l  t a r g e t  a r e a  means. A t  90° s a t e l l i t e  

z e n i t h  a n g l e  c u t o f f ,  t h e  RMS d e v i a t i o n  o f  t h e  i n s t a n t a n e o u s  g l o b a l  mean 

a lbedo  i s  0.16 on June 1, 1979. This d i f f e r e n c e  drops  t o  0.14 when t h e  z e n i t h  

a n g l e  c u t o f f  i s  s e t  a t  70'. The RMS d i f f e r e n c e s  a t  n i g h t t i m e  a r e  d i f f e r e n t  

from ze ro  due t o  t h e  a lgo r i thms  d i scussed  i n  t h e  p r e v i o u s  paragraph .  

51 



TABLE 4.3 Coefficients of Linear Regressiomnd Correlation Coefficient (R) 
Between TA Means Using Zero Correlation Case and Normal MLE Method. 
A is Intercept; B is Gradient. All observations are used. 

June 20, 1979 Description June 1, 1979 June 10, 1979 

Sat. Zen. Angle < 90° Sat. Zen. Angle < 90° Sat. Zen. Angle <go" 

LW Flux 
(Day) -0.037 1.000 1.000 0.0941 -0.031 1.000 1.000 0.112 -0.009 1.000 1.000 0.1081 

LW Flux 
(Night) -0.002 1.000 1.000 0.0291 -0.005 1.000 1.000 0.0389 -0.001 1.000 1.000 0.0360 

LW Flux 
(Total) -0.018 1.000 1.000 0.0543 -0.020 1.000 1.000 0.0583 -0.018 1.000 1.000 0.0574 

TAHLE 4.4 Coefficients of Linear Regression (A,B) and Correlation 
Coefficient (R) Between TA Means Using Zero Correlation 
Cast and Normal HLE Method. A is intercept; B is qradient. 
Observations with Satellite Zenith Angle 4 70" only arc. kept. 

- - - - - -  __ ~ 

Desc. June I, 1979 June 10, 1979 June 20, 1979 

Sat. Zen. Angle 470" Sat. Zen. Angle < 7 0 °  Sat. Zen. Angle < 70" 
- --__ -___ ~ -. ---- -I------- . -. - - -  

A R R RMS Diff A B R RHS Diff A B R RMS Diff 
---- __  _ _ - - - - - - - - - _ _ _ _ - - -_ - -- - - - -_- - -I- -- - --_ - 

Ins. Albedo 0.000 1.000 1.000 0.0014 0.000 0.999 1.000 0.0016 0.000 0.999 1.000 0.0018 ..................................................................................................................... 
LW Flux 

(Day) 0.004 1.000 1.000 0.0660 -0 .015 1.000 1.000 0.0901 -0.014 1.000 1.000 0.0777 ..................................................................................................................... 
LW Flux 

(Night) 0.000 1.000 1.000 0.0121 0.002 1.000 1.000 0.0202 -0.004 1.000 1.000 0.0209 ..................................................................................................................... 
LW Flux 

(Total) -0.002 1.000 1.000 0.0391 -0.0018 1.000 1.000 0.0506 -0.007 1.000 1.000 0.0391 
__- - ___ 
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I -  
The z o n a l  means are compared f o r  t h e  90' and 70' c u t o f f  cases 

s e p a r a t e l y .  D i f f e r e n c e s  i n  t h e  zonal ly  averaged i n s t a n t a n e o u s  a l b e d o e s  a r e  

shown i n  F i g u r e  4 . l a , b  for t h e  90' and 70' case r e s p e c t i v e l y .  The dayt ime,  

n i g h t t i m e ,  and t o t a l  (day,  n i g h t  mean) longwave f l u x  d i f f e r e n c e s  are shown i n  

F i g u r e s  4.2,  4 . 3  and 4.4. A t  bo th  t h e  90' and 70' c u t o f f  a n g l e s ,  t h e  effect  

o f  COR = 0 i s  q u i t e  i n s i g n i f i c a n t .  The r e s u l t s  a r e  s i m i l a r  f o r  t h e  June  10 

and J u n e  20 cases. 

4 . 3  CONCLUSIONS 

A n a l y s i s  o f  t h e  r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  a c c u r a t e  knowledge 

of  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  shortwave and longwave r a d i a n c e s  

is  n o t  an impor tan t  f a c t o r  i n  t h e  f i n a l  r a d i a t i o n  budget parameter  e s t i m a t i o n  

a t  any of t h e  s p a t i a l  scales of  i n t e r e s t .  
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SECTION 5 

SAMPLING STUDIES FOB SAB )IETHOD 

S o r t i n g  i n t o  Angular Bins (SAB) method p rov ides  t h e  v a l i d a t  i on  d a t a s e t  

f o r  comparison o f  t h e  r e s u l t s  w i th  t h e  MLE methods and d i f f e r e n t  v a r i a t i o n s  

o f  i t  d i s c u s s e d  i n  t h i s  r e p o r t .  SAB method i n v o l v e s  computing a n g u l a r  b i n  

ave rages  f o r  each  t a r g e t  a r e a  and i n t e g r a t i n g  w i t h  p rope r  s o l i d  a n g l e  w e i g h t s  

t o  o b t a i n  a f l u x .  Any sampling biases due t o  d i f f e r e n c e s  i n  a n g u l a r  views o r  

due t o  t h e  temporal  sampling i n t e r v a l  cou ld  l e a d  t o  cor responding  b i a s e s  i n  

t h e  f l u x  estimates. T h i s  s e c t i o n  a d d r e s s e s  t h e  q u e s t i o n s  r e l a t i n g  t o  

sampl ing  s izes  and t h e i r  d i s t r i b u t i o n  wi th  t h e  number o f  days used i n  

a v e r a g i n g  and sampling d i f f e r e n c e s  a t  d i f f e r e n t  v iewing  a n g l e s  and t h e i r  

impact on i n d i v i d u a l  TA f l u x e s .  

The r e s u l t s  o f  t h i s  s t u d y  are p r e s e n t e d  i n  a s e p a r a t e  r e p o r t  ( S o r t i n g  

i n t o  Angular  Bins  (SAB) Sampling Study, STC Techn ica l  Report  2087, Janua ry  

1986) .  Details on t h e  s t u d y  conducted and r e s u l t s  o f  t h e  a n l y s i s  are 

p r e s e n t e d  i n  t h a t  r e p o r t .  For  purposes of comple teness  o n l y ,  t h e  c o n c l u s i o n s  

d e r i v e d  from t h a t  s t u d y  are g iven  below: 

- Global  mean r a d i a t i o n  budget  pa rame te r s  d o  n o t  show g r e a t  s e n s i t i v i t y  

t o  t h e  tempora l  i n t e r v a l  w i th  t h e  SAB method. 

- Zonal mean and r m s  d i f f e r e n c e s  re la t ive  t o  t h e  23 days improve 

s i g n i f i c a n t l y  from t h e  5-day i n t e r v a l  t o  t h e  11- or 12-day i n t e r v a l .  
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- No sampling b i a s e s  o r  d i f f e r e n c e s  i n  r a d i a t i o n  budget parameters  are 

noted between t h e  f i rs t  h a l f  and second h a l f  o f  t h e  month. 

- T o t a l  number o f  TAs c o n t r i b u t i n g  t o  t h e  g l o b a l  mean drops  

s u b s t a n t i a l l y  i n  the 5-day case, e .g . ,  f o r  t h e  a lbedo ,  on ly  25% of  t h e  g lobe  

i s  sampled. The r e s t  o f  t h e  TAs a r e  r e j e c t e d  due t o  poor a n g u l a r  coverage.  

- C e r t a i n  TAs i n d i c a t e  e x c e s s i v e  sampling i n  some azimuth ranges .  The 

undersampled b i n  means a l s o  c o n t r i b u t e  t o  t h e  f l u x  e s t i m a t i o n  and,  th rough 

l a r g e  u n c e r t a i n t i e s  i n  those  b i n s ,  i n t r o d u c e  e r r o r s  i n t o  t h e  computed 

f l u x e s .  

- A t  t h e  TA l e v e l ,  among t h e  azimuth i n t e r v a l s ,  no s y s t e m a t i c  sampling 

b i a s e s  a s s o c i a t e d  wi th  temporal  i n t e r v a l  a r e  not  i c e d .  

- The f l u x  i n t e g r a l  r e c e i v e s  b i g g e s t  weight  from t h e  means o f  t h e  b i n s  

i n  t h e  i n t e r v a l  30'-60° i n  z e n i t h .  Poor sampling i n  t h i s  r e g i o n  could  l e a d  

t o  e r r o r s  i n  t h e  computed f l u x .  The 6-day c a s e  shows g e n e r a l l y  poor sampling 

i n  most b i n s ,  with b i n  numbers l e s s  than  5 8 .  T h i s  b in  number cor responds  t o  

z e n i t h  a n g l e  of  63'. 
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SECTION 6 

USE OF NCLE HODELS 

The CLE models used i n  s e c t i o n  2.0 are  t h e  r e f l e c t a n c e  and emiss ion  

models which have been developed u s i n g  c loud  s e l e c t i o n  from THIR. 

Subsequen t ly ,  i t  was found t h a t  t h e  i n c l u s i o n  of u l t r a v i o l e t  r e f l e c t a n c e s  

from TOMS ins t rumen t  on Nimbus-7 improved t h e  c loud  s e l e c t i o n ,  p a r t i c u l a r l y  

i n  t h e  case o f  low-lying c loud .  The  new c loud  i n p u t  i s  used t o  deve lop  new 

sets  o f  b i d i r e c t i o n a l  models f o r  r e f l e c t e d  r a d i a t i o n  and o f  emiss ion  models 

for longwave r a d i a t i o n .  These models a re  r e f e r r e d  t o  a s  NCLE models. T h i s  

s e c t i o n  d e a l s  w i t h  an i n v e s t i g a t i o n  of t h e  e f f e c t  o f  NCLE models on t h e  scene  

s e l e c t i o n  and on t h e  d e r i v e d  r a d i a t i o n  budget  parameters .  The r e s u l t s  w i t h  

NCLE models are t h e n  compared w i t h  t h e  r e s u l t s  of t h e  SAB method i n  a manner 

s imilar  t o  t h e  d i s c u s s i o n  i n  s e c t i o n  2.  It soon became appa ren t  t h a t  t h e  NCLE 

models produced r e s u l t s  which a re  e s s e n t i a l l y  similar t o  t h o s e  w i t h  t h e  CLE 

models .  A few a s p e c t s  o f  t h e  comparison o n l y  are  d i s c u s s e d  t o  avo id  

r epe  t i t  ion .  

6.1 RADIATION BUDGET PARAMETERS 

6.1.1 Global Mean Parameters  

Tab le  6 . 1  p r e s e n t s  t h e  r e s u l t s  o f  t h e  MLE method u s i n g  NCLE models.  The 

new a l g o r i t h m  inc luded  minor changes i n  t h e  s o f t w a r e  provided  by NASA/LaRC. 

The r e s u l t s  i n  Tab le  6.1 shou ld  be compared w i t h  t h o s e  i n  Tab le  2.1 .  Values 

r e s u l t i n g  from t h e  SAB method a r e  shown s i n c e  t h a t  c o n s t i t u t e s  t h e  f i n a l  
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TABLE 6.1 U 8 e  o f  NCLE Models. 
June  1979 

TABLE 6.2 SAB, MLE parameter  Regress ion  R e l a t i o n s h i p s  
Using NCLE Models. 

-. - - - --_ _--- 
90° Case 

- - - ____ __ __ -_ _- - - - 
Param I n t e r c e p t  G r a d i e n t  Corr .  RMS 

Coef f . D i f f .  

I n s t .  
Albedo 0.012 1.001 0.992 0.021 

LW f l u x  
(day) 3.48 0.996 0.990 6.66 

LW f l u x  
-1.88 0.995 0.993 5.09 

7 O 0  Case 

LW f l u x  
(n ight )  -0 .88 1.008 0.996 3.34 ............................................................... 

LW f l u x  
(Tota l  1 -0.67 1.006 0.997 2.81 
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b a s e l i n e  f o r  a l l  comparisons.  It is  immediately obvious  from t h e  t a b l e  t h a t  

t h e  NCLE models and CLE models produce v e r y  s imilar  r e s u l t s  f o r  t h e  g l o b a l  

v a l u e s  o f  t h e  parameters .  A t  t he  90' c u t o f f ,  t h e  i n s t a n t a n e o u s  a l b e d o  i s  

h i g h e r  by 0.20  (28.4 w i t h  NCLE ve r sus  28.2 w i t h  CLE; r e f e r  t o  Tab le  2.2) .  The 

longwave f l u x  v a l u e s  d i f f e r  by only 0.1 t o  0.3 W/m . A t  t h e  70' c u t o f f  t h e  

d i f f e r e n c e s  are even less s i g n i f i c a n t .  Thus t h e  NCLE models t e n d  t o  keep up 

t h e  agreement between t h e  SAB and MLE methods, p a r t i c u l a r l y  a t  70 c u t o f f  i n  

s a t e l l i t e  z e n i t h  ang le .  

2 

0 

For t h e  purpose  o f  completeness ,  t h e  pa rame te r s  o f  t h e  l i n e a r  r e g r e s s i o n  

between t h e  MLE and SAB r e s u l t s  a r e  p r e s e n t e d  i n  Tab le  6.2.  Both t h e  90' and 

70' c a s e s  a r e  shown. The RMS d i f f e r e n c e s  improve ' a t  t h e  70' c u t o f f ,  

p a r t i c u l a r l y  f o r  t h e  longwave f l u x e s .  

6.1.2 Zonal Averages 

D i f f e r e n c e s  i n  t h e  zona l  averages  between SAB and MLE u s i n g  NCLE models 

a r e  shown i n  F i g u r e s  6.1 th rough 6.4 f o r  i n s t a n t a n e o u s  a l b e d o ,  longwave f l u x  

f o r  day ,  n i g h t ,  and t o t a l ,  r e s p e c t i v e l y .  The g e n e r a l  behav io r  of t h e s e  

d i f f e r e n c e s  i s  ex t remely  similar t o  t h e  CLE and SAB d i f f e r e n c e s  d i s c u s s e d  i n  

s e c t i o n  2.1.2.  

6.1.3 T a r g e t  Area Comparisons 

Ta rge t  a r e a  pa rame te r s  de r ived  w i t h  NCLE models a r e  compared i n  a 

r e g r e s s i o n  procedure  w i t h  SAB method v a l u e s  as  i n  s e c t i o n  2.1.1. The r e s u l t s  

a r e  ex t r eme ly  s i m i l a r  and are n o t  shown t o  avo id  r e p e t i t i o n .  The pa rame te r s  

o f  t h e  l i n e a r  r e g r e s s i o n ,  however, a r e  l i s t e d  i n  Table  6.2.  
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FIGURE 6.1 Zonally averaged monthly mean instantaneous albedo 
differences between SAB and KLE-NCLE methods. Results 
for June 1979. (a) All observations up to 90 are 
retained; (b) only observations up to 70" are retained. 
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0 Mercator  maps of t h e  parameter  d i f f e r e n c e s  f o r  t h e  70 c a s e  are shown i n  

F i g u r e s  6.5 t o  6.8.  Once a g a i n ,  t h e  d i f f e r e n c e s  i n  t h e  c o n t o u r s  are nominal. 

6.2 TARGET AREA STUDIES 

Da i ly  v a r i a t i o n s  o f  t h e  a lbedo  u s i n g  t h e  MLE-NCLE method are shown f o r  

f o u r  t a r g e t  a r e a s  i n  F i g u r e s  6.9 t o  6.12. These are  t h e  same TAs t h a t  are 

used i n  t h e  d i s c u s s i o n  i n  s e c t i o n  2.2.2.  Many o f  t h e  r e s u l t s  are r e p e t i t i v e .  

On c l o s e r  s c r u t i n y ,  sma l l  d i f f e r e n c e s  appear. Fo r  example, i n  F i g u r e  6 . 9  f o r  

TA 96, t h e  v a l u e  of t h e  90' c u t o f f  c a s e  i s  s l i g h t l y  smaller than  t h e  one i n  

F igu re  2.17. S i m i l a r l y ,  t h e  70' c u t o f f  c a s e  v a l u e  i s  s l i g h t l y  h i g h e r .  The 

v a l u e s  o f  t h e  s t anda rd  d e v i a t i o n  i n  t h e  l o c a l  noon a l b e d o  on days  152, 153 

and 167 smaller u s i n g  NCLE models, bu t  i s  l a r g e r  on day 157. Minor 

d i f f e r e n c e s  of a s i m i l a r  n a t u r e  are n o t i c e a b l e  f o r  t h e  o t h e r  TAs a l s o .  But 

o v e r a l l ,  t h e  e f f e c t  on t h e  computed a l b e d o  v a l u e s  due t o  t h e  u s e  o f  NCLE 

models i s  v e r y  small. 

6.3 SCENE SELECTION ADEQUACY 

6.3.1 Cloud I d e n t i f i c a t i o n  Using NCLE Models 

The r e s u l t s  i n  s e c t i o n  6 .1  and 6 .2  i n d i c a t e  t h a t  t h e  r a d i a t i o n  budget  

parameters  a r e  not a f f e c t e d  when t h e  NCLE models r e p l a c e  t h e  CLE models. 

There i s ,  however, an e f f e c t  on t h e  c loud  i d e n t i f i c a t i o n  when t h e  NCLE models 

a r e  used. Daytime, n i g h t t i m e ,  and day-night  ave rage  c loud  amounts u s i n g  t h e  

CLE and NCLE models a r e  shown i n  Tab le  6 .3  f o r  June 10, 1979. The c loud  

amount computat ion procedure  from t h e  c l e a r ,  p a r t l y  c loudy ,  most ly  c loudy ,  

L and o v e r c a s t  s t a t i s t i c s  i s  d i s c u s s e d  i n  a l a t e r  s e c t i o n  d e a l i n g  w i t h  v a l -  

i d a t i o n  of c loud  i d e n t i f i c a t i o n .  
I 
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TABLE 6.3 Computed Cloud Amounts 
June 10, 1979 

Day Night Ave r ag e _______- 
Description CLE NCLE CLE NCLE CLE NCLE 

The r e s u l t s  i n  T a b l e  6 . 3  i n d i c a t e  t h a t  t h e  average c loud  amount i n  t h e  

n o r t h e r n  iieloi.sphere h a s  remained t h e  same w i t h  t h e  NCLE models, but  t h e  

s o u t h e r n  hemisphere c loud  amount has i n c r e a s e d  from 46.9 t o  49.3. The g l o b a l  

c1.mid amount tias i n c r e a s e d  s l i g h t l y  t o  52.5 from 51.2. Cloud amount i n  t h e  

s o u t h e r n  hemisphere i n c r e a s e d  both  d u r i n g  day t ime  ( 4 . 2 )  and nFghtti.me (1.8). 

N o r t h e r n  heinisphe re cLtncl ainou nt i ncreased  d u r i n g  dayt ime,  bu t  decreased 

d u r i n g  t h e  nightti-roe. NCLE models decrease t h e  n o r t h ,  s o u t h  d i f f e r e n c e s  i n  

c loud amount. During both  day  and n i g h t ,  t h e s e  d i f f e r e n c e s  u s i w  (;LE models 

arc? n e ~ r  I t l X ,  but t h e y  drop  t o  almit 5 o r  6X w i t h  NCLE models. The day t ime  

U ~ 1 . o t ) a l  mean cLoud amount i n c r e a s e d  by 2 . 3 2  above t h e  C I A  v a l u e ,  w h i l e  there 

is a minor  c h i i r ~ e  i 11 t : i i s  nishtti.rne va lue .  The a d d i t o n a l  cloiid i d e n t i f i c a t i o n  

u s i n g  NCLE m o c i e l s  c a n  be a t t r i b u t e d  t o  t h e  u s e  of t h e  TOMS u l t r a v i o l e t  

r e f l e c t i v i t i e s .  The e f f e c t  of t h i s  a d d i t i o n  i s  t o  i d e n t i f y  t h e  low Level 

c1.c.w.itliriess ~ l i l c h  i.s inissed by t h e  TK. The i n c r e a s e  i n  t h e  d e r i v e d  zl.oha1 

c l o i . i ( i  moiin t  d u r i n g  t h e  day is thus  c o n s i s t e n t  w l t h  t h e  above. The n i g h t t i m e  

resuLt  shou ld  not be a f f e c t e d  s i n c e  t h e  TOMS h a s  no o b s e r v a t i o n s  a t  n i g h t .  
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6.3.2 Albedo Dependence on S a t e l l i t e  Z e n i t h  Angle 

The e f f e c t  of s a t e l l i t e  z e n i t h  a n g l e  a v e r a g i n g  f o r  i n s t a n t a n e o u s  a l b e d o  

i s  shown i n  F i g u r e  6.13  for an ocean TA 1121. The cor responding  f i g u r e  u s i n g  

CLE models i s  F i g u r e  2.21. The f i v e  c a t e g o r i e s  i n  t h e  f i g u r e  a r e ,  a s  b e f o r e ,  

c lear  c a s e  (0-5% c l o u d ) ,  p a r t l y  cloudy (5-50% c l o u d ) ,  mos t ly  c loudy (50-90% 

c l o u d ) ,  and o v e r c a s t  (95% and above c l o u d ) .  Under each  c a t e g o r y ,  t h e  f o u r  

s a t e l l i t e  z e n i t h  a n g l e  i n t e r v a l s  are shown. There a r e  s l i g h t  d i f f e r e n c e s  i n  

t h e  i n d i v i d u a l  v a l u e s  between Figures  2.21  and 6.14. The o v e r a l l  r e s u l t  is  

t h a t  t h e r e  are no s p e c i f i c  s a t e l l i t e  z e n i t h  a n g l e  r e l a t e d  b i a s e s  i n  t h e  

computed a lbedo .  S i m i l a r  conclusions can be drawn from t h e  r e s u l t s  i n  F i g u r e  

6.14 f o r  l a n d  TA 585 and F i g u r e  6.15 f o r  t h e  d e s e r t  TA 1418. The b lank  

r e g i o n s ,  p a r t i c u l a r l y  i n  F igure  6.15 a r e  due t o  t h e  absence o f  o b s e r v a t i o n s  

i n  t h a t  s a t e l l i t e  z e n i t h  a n g l e  range f o r  t h e  s c e n e  type .  

6.3.3 Scene I d e n t i f i c a t i o n  R e l i a b i l i t y  Index  

R e s u l t s  r e g a r d i n g  t h e  s c e n e  r e l i a b i l i t y  a r e  shown i n  Table  6.4 f o r  day 

152 ( J u n e  1 )  and day 153. A t  t h e  g l o b a l  level,  n e a r l y  95% t o  98% o f  t h e  

o b s e r v a t i o n s  a r e  w i t h i n  2 Q of  t h e  r a d i a n c e  means i n  a l l  cases. A t  t h e  + 1  U 

l eve l ,  t h e  f r a c t i o n s  have g e n e r a l l y  dropped. T h i s  i s  a n  i n d i c a t i o n  t h a t  f o r  

t h e  new models,  t h e  s t a n d a r d  d e v i a t i o n  f o r  a g iven  a n g u l a r  b i n  i s  g e n e r a l l y  

s m a l l e r  so t h a t  a s m a l l e r  f r a c t i o n  o f  t h e  o b s e r v a t i o n s  i s  w i t h i n  1 0. The 

e x c e p t i o n ,  however, i s  t h e  n ight t ime,  where t h e  g l o b a l  v a l u e s  a t  both t h e  1 0 

and 2 levels  remain t h e  same a s  with t h e  CLE models. 

- 

For t h e  c a s e  o f  i n d i v i d u a l  s c e n e s ,  w e  n o t e  t h a t  t h e  c l e a r  s c e n e  

(dayt ime shortwave f r a c t i o n s  are smaller w i t h  NCLE models i n  t h e  case of NCLA 
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and longwave t o g e t h e r ) ,  NCSDAY (day t ime  shor twave  cases only)  t h a n  w i t h  t h e  

CLE models. F rac t ions  co r re spond ing  t o  mos t ly  c loudy and o v e r c a s t  s c e n e s  are  

cons ide rab ly  l a r g e r  f o r  t h e  day t ime  longwave a t  both  1 0 and 2 CJ l e v e l s .  A t  

t h e  2 l e v e l ,  a l l  s c e n e  t y p e s  show f r a c t i o n s  between 0.95 and 1.00. We t h u s  

~ M J  the conc lus ion  t h a t  more t h a n  95% of t h e  o b s e r v a t i o n s  i n  a l l  c a t e g o r i e s  

a re  r i t l i i n  2 (3 of t i le r e s p e c t i v e  r a d i a n c e  mean va lues .  
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The a n a l y s i s  of r e s u l t s  w i th  t h e  NCLE models i n d i c a t e s  g e n e r a l l y  t h a t  

t h e  r a d i a t i o n  budget  parameters are n o t  a f f e c t e d  because  o f  t h e  new models. 

scene  i d e n t i f i c a t i o n  c a t e g o r i e s  have changed as i n d i c a t e d  by t h e  c loud  amount 

v a l u e s  computed ( s e c t i o n  6.3.1) and t h e  scene r e l i a b i l i t y  f r a c t i o n s  ( s e c t i o n  

6.3.3). But these  changes are a p p a r e n t l y  n o t  enough to change t h e  ERB 

pa rame te r s  . 
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SECTION 7 

ANALYSIS P O R A U  ADDITIONAL WNTB 

Most o f  t h e  a n a l y s e s  so f a r  have been f o r  t h e  month o f  June  1979. 

E x t e n s i v e  s t u d i e s  u s i n g  s e v e r a l  methods a r e  a l s o  conducted on c e r t a i n  

s p e c i f i c  days i n  t h e  month. Th i s  s e c t i o n  p r e s e n t s  t h e  r e s u l t s  f o r  t h e  month 

o f  December 1979. R e s u l t s  f o r  SAB a r e  t aken  from an  unpubl i shed  r e p o r t  (The 

Angular  Binning A l t e r n a t i v e s  f o r  Narrow Field-of-View Data  P r o c e s s i n g ,  P. 

Davis  and C .  Herman, P r e s e n t e d  a t  Nimbus-7 Experiment Team Meet ing,  May 1984) 

on t h e  u s e  o f  SAB f o r  December. Using NCLE models and r e v i s e d  s o f t w a r e ,  t h e  

r a d i a t i o n  budget pa rame te r s  a r e  computed. 

The t a r g e t  a r e a  averaged  parameters  u s i n g  SAB a r e  n o t  a v a i l a b l e  t o  make 

a c o n s i s t e n t  comparison a t  t h e  TA l e v e l .  So zona l  means a r e  used  f o r  t h o s e  

pa rame te r s  t h a t  are a v a i l a b l e  from an a p p l i c a t i o n  o f  t h e  SAB method. 

A comparison of t h e  zonal  means o f  i n s t a n t a n e o u s  a l b e d o  u s i n g  SAB and 

MLE (NCLE) methods i s  shown i n  Figure 7.1. The MLE (NCLE) method is  t h e  MLE 

method which u s e s  improved (NCLE) angular  models and modi f ied  scene  s e l e c t i o n  

a lgo r i thm.  Also  shown, b e s i d e  t h e  f i g u r e ,  a r e  t h e  zona l  mean i n s t a n t a n e o u s  

a l b e d o  v a l u e s  w i t h  t h e  NCLE and SAB methods f o r  e a c h  o f  t h e  4 0  l a t i t u d e  

bands. NCLE i n  t h e  f i g u r e  r e f e r s  t o  t h e  MLE (NCLE) method a s  d e s c r i b e d  

above. 

Shown i n  F i g u r e  7.2 a r e  t h e  t o t a l  e m i t t e d  f l u x  comparisons between t h e  

two cases. The zona l  mean t o t a l  longwave f l u x e s  from t h e  two methods a r e  
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a l s o  l i s t e d .  Values for the daytime and nighttime longwave f l u x  from the SAB 

are not available.  A comparison between those cannot be made a t  t h i s  point.  

A l s o  to be noted i s  that the MLE resu l t s  are for December 26, 1979. A f u l l  

length comparison and analysis  should be made a f ter  the complete SAB dataset  

is  developed . 
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SECTION 8 

PERPENDICULAR BISECTOR ALGORITHM 

A s t a t i s t i c a l  approach s impler  t h a n  t h e  MLE method i s  t h e  use  o f  a 

p e r p e n d i c u l a r  b i s e c t o r  a l g o r i t h m .  Th i s  i s  based upon t h e  d i s t a n c e  o f  t h e  

observed  p o i n t  i n  t h e  v i s i b l e - I R  r ad iance  s p a c e  from t h e  r a d i a n c e  means f o r  

t h e  a p p r o p r i a t e  b i n s .  Th i s  is accomplished by r e p l a c i n g  t h e  e l l i p s e s  by 

c i r c l e s  o f  e q u a l  r a d i u s  f o r  a l l  scene t y p e s ,  v i z . ,  l and ,  p a r t l y  c loudy ove r  

l a n d ,  mos t ly  c loudy ove r  l a n d ,  and o v e r c a s t ,  f o r  example. The s t a n d a r d  

d e v i a t i o n s  f o r  a l l  t h e  b i n s  a r e  acco rd ing ly  s e t  t o  a uniform v a l u e  o f  100. 

The v a l u e  is  independent  o f  t h e  v iewing  a n g l e  combinat ion and a l s o  

independent  o f  t h e  u n d e r l y i n g  scene  type .  

The MLE a l g o r i t h m  u s e s  t h e  s t anda rd  d e v i a t i o n s  i n  t h e  v i s i b l e  and I R .  

When t h e s e  v a l u e s  a r e  e q u a l  t o  each o t h e r ,  t h e  e l l i p s e  r e p r e s e n t i n g  t h e  

ensemble of o b s e r v a t i o n s  becomes a c i r c l e  i n  t h e  v i s i b l e - I R  r a d i a n c e  space .  

The c o r r e l a t i o n  c o e f f i c i e n t  is  t h e r e f o r e  set  e q u a l  t o  ze ro .  For t h e  purposes  

of t h i s  s t u d y ,  t h r e e  d i s t i n c t  c a s e s  a r e  cons ide red .  

0 = 100; COR = 0.0 

(5 - 100 

sw’ LW 

SW’ LW 

OSW’ o i w  

Case 1: 0 

Case 2: CJ 

Case 3: - 1000. 

8.  I GLOBAL MEAN PARAMEZERS 

The e f f e c t  o f  u s i n g  a pe rpend icu la r  b i s e c t o r  t o  c l a s s i f y  t h e  s c e n e  t y p e  

i n v e s t i g a t e d  f o r  f o u r  days  i n  t h e  month on t h e  r a d i a t i o n  budget  pa rame te r s  is 
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of June  1979. The d a y s  ana lyzed  a r e  June  1 ,  June  10, June  20, and June  30. 

The comparison i s  performed wi th  t h e  r e s u l t s  o f  NCLE. Tab le  8.1 p r e s e n t s  t h e  

g l o b a l  mean r e s u l t s  f o r  t h e  t h r e e  cases o u t l i n e d  i n  s e c t i o n  8 ,  a l o n g  w i t h  t h e  

NCLE c a s e .  It i s  appa ren t  t h a t  t h e  g l o b a l  means a r e  no t  v e r y  s e n s i t i v e  t o  

t h e  changes i n  t h e  s t a n d a r d  d e v i a t i o n .  A t  t h e  g l o b a l  s c a l e ,  t h e  

p e r p e n d i c u l a r  b i s e c t o r  method y i e l d s  r e s u l t s  which a r e  e s s e n t i a l l y  i d e n t i c a l  

t o  t h e  use  o f  MLE method. R e s u l t s  f o r  t h e  o t h e r  days  ( June  10, 20, and 30) 

are computed f o r  c a s e s  2 and 3 on ly  and a r e  a l s o  shown i n  t h e  t a b l e .  

8.2 ZONAL AVERAGES 

Zonal means of i n s t a n t a n e o u s  a lbedo ,  dayt ime,  n i g h t t i m e ,  and t o t a l  

longwave f l u x e s  a r e  computed f o r  t h e  t h r e e  c a s e s  mentioned above. 

D i f f e r e n c e s  i n  the  zona l  means between t h e s e  c a s e s  and t h e  NCLE c a s e  are  

shown i n  a s e r i e s  o f  f i g u r e s .  F i g u r e  8 . I a ,  b and c shows t h e  i n s t a n t a n e o u s  

a lbedo  d i f f e r e n c e s  f o r  c a s e  I ,  case 2 and case 3 r e s p e c t i v e l y .  COLIOO, 

LW100, and LWlOOO on t h e  o r d i n a t e  r e f e r  t o  c a s e  1 ,  c a s e  2 ,  and case 3. I n  

c a s e  I ,  t h e  a lbedo d i f f e r e n c e s  a r e  v e r y  s m a l l ,  i n d i c a t i n g  t h a t  u s e  o f  t h e  

a p p r o p r i a t e  s t anda rd  d e v i a t i o n  f o r  each  b i n  and t h e  co r re spond ing  c o r r e l a t i o n  

c o e f f i c i e n t  h a s  not s i g n i f i c a n t l y  changed t h e  zona l  mean i n s t a n t a n e o u s  a lbedo  

v a l u e s .  I n  c a s e s  2 and 3, where t h e  a c t u a l  c o r r e l a t i o n  c o e f f i c i e n t s  are 

used ,  t h e  a lbedo  d i f f e r e n c e s  are h i g h e r .  Also ,  n o t e  t h a t  t h e  l a r g e r  t h e  

a - 100 o r  IOOO), t h e  l a r g e r  a r e  t h e  s t a n d a r d  d e v i a t i o n  used 

d i f f e r e n c e s .  I n  t h e  neighborhood o f  t h e  North P o l e ,  bo th  o f  them show a 

n e g a t i v e  v a l u e  f o r  t h e  d i f f e r e n c e .  T h i s  i s  t h e  r e g i o n  where t h e  scene  

‘“SW, LW 



TABLE 8.1 Global  Mean metantaneous  Albedo and LW Fluxes  fo r  t h e  T h r e e  
cases Mentioned i n  S e c t i o n  8. Case 1 c o r r e s p o n d s  t o  t h e  
p e r p e n d i c u l a r  b i s e c t o r  a l g o r i t h m  and r e s u l t s  a r e  shown f o r  
J u n e  1. 

June 1, 1979 

NCLE CASE 1 CASE 2 CASE 3 

LW Flux  
(Day) 237.7320 237.7133 237.6419 237 -6387 

LW Flux 
(Night )  222.8179 222.8435 222.8428 222.8470 

LW Flux 
( T o t a l  1 230.0783 230.0834 230.0467 230.0432 

June 10 ,  1979 

LW Flux 
( T o t a l )  232.8567 232.8140 232.8060 

June 20, 1979 

LW Flux 
(Dav) 239.5011 239.3913 239.3816 

LW Flux 
(Night )  224.3380 224.3946 224.3981 

LW Flux 
240.7985 240.6920 240.6922 

LW Flux 
(Night )  225.5027 225.5554 225.5583 

LW Flux 
( T o t a l )  232.8135 232.7892 232.7894 
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s e l e c t i o n  i s  based upon shor twave  only r a d i a n c e s  and t h e  v a l u e  o f  c o r r e l a t i o n  

c o e f f i c i e n t  i s  n o t  r e l e v a n t  t o  t h i s  case. Apparen t ly ,  t h e  magnitude o f  t h e  

s t a n d a r d  d e v i a t i o n  does have an e f f e c t  on t h e  scene  and t h u s  t h e  a lbedo .  

Daytime longwave f l u x e s  a r e  shown i n  F i g u r e  8 .2a ,b , c  f o r  t h e  t h r e e  

cases. The mean d i f f e r e n c e  i n  8.2,a i s  n e a r  0.1 W/m2 c o n s i s t e n t  w i th  t h e  

v a l u e s  i n  Table  8.1. When t h e  cond i t ion  on c o r r e l a t i o n  c o e f f i c i e n t  i s  removed 

t h e  longwave f l u x  d i f f e r e n c e s  du r ing  dayt ime are l a r g e r ;  bu t  i n  a l l  cases, 

t h e  d i f f e r e n c e s  do a r e  most o f  t h e  t i m e  smaller than  1.0 W/m . F i g u r e  

8 . 3 a , b , c  shows t h e  n i g h t t i m e  longwave f l u x  d i f f e r e n c e s .  These v a l u e s  r ange  

between -0.2 and +0.2 W/m except  n e a r  t h e  South P o l e ,  where  t h e  d i f f e r e n c e  

i s  abou t  0 .8  W/m . I n  t h i s  r e g i o n ,  a l l  t h e  p l o t s  show i d e n t i c a l  d i f f e r e n c e s ,  

i n d i c a t i n g  t h a t  t h e  scene  s e l e c t i o n  h e r e  u s i n g  longwave only  is  n o t  s e n s i t i v e  

t o  t h e  v a l u e  of t h e  s t a n d a r d  d e v i a t i o n .  Th i s  is  i n  c o n t r a s t  t o  t h e  a l b e d o  

d i f f e r e n c e  v a r i a t i o n  n e a r  t h e  N o r t h  P o l e  d i s c u s s e d  e a r l i e r .  The r e s u l t s  f o r  

t h e  t o t a l  longwave f l u x  d i f f e r e n c e s  a r e  shown i n  F igu re  8 .4a ,b ,c .  For case 1 ,  

t h e  d i f f e r e n c e s  are of t h e  o r d e r  of 0.1 W/m w h i l e  f o r  c a s e s  2 and 3, t h e  

v a l u e s  a r e  l a r g e r ,  b u t  t h e  maximum d i f f e r e n c e  i s  o f  t h e  o r d e r  o f  I W/m . 

2 

2 

2 

2 

2 

8.3 TARGET AREA COMPARISONS 

The i n s t a n t a n e o u s  a lbedo  va lues  f o r  c a s e  1 and t h e  NCLE run  a r e  compared 

i n  F i g u r e  8.5a. The parameters  of t h e  l i n e a r  r e g r e s s i o n  a r e  shown i n  t h e  

f i g u r e .  The c o r r e l a t i o n  c o e f f i c i e n t  R is  ex t r eme ly  h i g h  (0.999) and t h e  RMS 

d i f f e r e n c e  i s  0.0081. The daytime, n i g h t t i m e  and t o t a l  longwave f l u x  

comparisons a r e  shown i n  F igu re  8 .5b , c ,d ,  and i n d i c a t e  ex t remely  h igh  

c o r r e l a t i o n  between t h e  r e s u l t s  with t h e  p e r p e n d i c u l a r  b i s e c t o r  a l g o r i t h m  and 
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t h e  MLE method. The RMS d i f f e r e n c e s  i n  t h i s  case are o f  t h e  o r d e r  of  0.2 t o  

0.3 W/m . 2 

R e s u l t s  f o r  a land  and a d e s e r t  TA a r e  shown i n  F igure  8.7 and 8.8. TA 

889, w i t h  land  a s  t h e  u n d e r l y i n g  s u r f a c e ,  exper ienced  d e c r e a s e s  i n  

i n s t a n t a n e o u s  a lbedo  up t o  0.05 ( F i g .  8 . 7 , a ) .  F r a c t i o n a l  i n c r e a s e s  i n  t h e  

computed a l b e d o  a r e  shown i n  F i g u r e  8.7b. The d e c r e a s e s  i n  i n s t a n t a n e o u s  

a lbedo  are a s  high as 20% t o  25% compared t o  t h e  NCLE case. We a l s o  n o t e  

t h a t  ocean g e n e r a l l y  exper ienced  a n  i n c r e a s e ,  w h i l e  l a n d  shows a d e c r e a s e .  

The r e s u l t s  for t h e  d e s e r t  TA 1418 show (Fig .  8 . 8 , a )  t h a t  s e v e r a l  o f  t h e  

i n d i v i d u a l  a lbedos a r e  l a r g e r  when c a s e  1 i s  used ,  t h u s  i n d i c a t i n g  a n  

i n c r e a s e  i n  d e s e r t  a l b e d o  w i t h  t h e  new method. The i n c r e a s e s ,  however, do 

n o t  exceed 0.03 or about  1 1 %  o f  t h e  NCLE v a l u e s .  F r a c t i o n a l  changes for  

d e s e r t  a r e  shown i n  F i g u r e  8.8b. 

R e s u l t s  f o r  t h e  e m i t t e d  f l u x  a r e  shown i n  F i g u r e  8.9 f o r  a snow TA 25 

and f o r  Ocean TA 662 i n  F i g u r e  8. 10. For TA 25, t h e  changes i n  t h e  e m i t t e d  
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A l l  t h e  above r e s u l t s  i n d i c a t e  v e r y  l i t t l e  e f f e c t ,  i f  any,  on t h e  

computed r a d i a t i o n  budget parameters  due t o  t h e  u s e  of p e r p e n d i c u l a r  b i s e c t o r  

a l g o r i t h m s  i n s t e a d  o f  t h e  MLE method. The TA means t e n d  t o  be n e a r l y  t h e  

same. F i g u r e  8.6,a shows t h e  d i f f e r e n c e s  i n  t h e  i n d i v i d u a l  r e f l e c t e d  f l u x  

v a l u e s  f o r  t h e  ocean TA 662 w i t h  about  100 o b s e r v a t i o n s .  The f r a c t i o n a l  

change i n  i n s t a n t a n e o u s  a lbedo  i s  shown i n  F i g u r e  8.6,b.  Many o f  t h e  h i g h e r  

a lbedo  estimates w i t h  t h e  p e r p e n d i c u l a r  b i s e c t o r  method (CORCCOL100) are o f  

t h e  o r d e r  o f  20% t o  30%. The 150% i n c r e a s e  f o r  one f l u x  v a l u e  u s i n g  c a s e  1 i s  

a p p a r e n t l y  because o f  t h e  c h o i c e  of a more c loudy scene .  
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flux are of the order of about 5 to 6 W/m2 and correspond to differences of 

at the most 6% (Fig. 8.9,b). Over the ocean (TA 6621, emitted flux 

differences are 3 W/m2 or less (Fig. 8.10,a) corresponding to about 1% 

difference from the NCLE case (Fig. 8.10,b). 

The use of perpendicular bisector algorithm has not significantly 

altered the radiation budget parameters, when it is done consistently. 

Instantaneous albedo and longwave flux values experience very minor changes 

at the global, zonal, and even TA spatial scales. The differences in scene 

identification are apparent only when considering the individual flux 

estimates for a TA from radiance values. At that sampling level, some 

significant differences appear and also some biases depending upon the 

underlying surface being land, ocean, desert, etc. 

c 

104 



SECTION 9 

VALIDATION OF SCENE SELECTION 

Prope r  i d e n t i f i c a t i o n  of scene u s i n g  r a d i a n c e  measurements from 

s a t e l l i t e s  i s  a c ruc ia l  a s p e c t  i n  t h e  e s t i m a t i o n  o f  Ea r th  r a d i a t i o n  budget  

pa rame te r s .  S i n c e  t h e  unde r ly ing  scene  (geography)  a t  t h e  s u r f a c e  i s  known, 

t h i s  d e t e r m i n a t i o n  i s  p r i m a r i l y  t o  p i c k  ou t  t h e  p re sence  o f  c loud  and i t s  

amount i n  t h e  p a t h  of t h e  r ad iances .  A l a r g e  number o f .  t e c h n i q u e s  are  

p r e s e n t l y  used  f o r  t h i s  c loud  i d e n t i f i c a t i o n .  An in t e rcompar i son  o f  s i x  

methods, two from each o f  t h r e e  groups,  v i z . ,  t h r e s h o l d  methods, r a d i a t i v e  

t r a n s f e r  methods and d a t a  c l u s t e r i n g  methods, i s  p r e s e n t e d  i n  Rossow e t  a l .  

(1985) as p a r t  o f  a c o n t i n u i n g  program on c loud  a n a l y s i s  t e c h n i q u e s  under  t h e  

a u s p i c e s  o f  t h e  i n t e r n a t i o n a l  s a t e l l i t e  c loud  c l ima to logy  program (ISCCP). I n  

t h e  p r e s e n t  work, o u r  a t t empt  i s  t o  v a l i d a t e  t h e  c loud  amounts r e t r i e v e d  

u s i n g  scanne r  o b s e r v a t i o n s  from t h e  E a r t h  R a d i a t i o n  Budget i n s t rumen t  on 

Nimbus-7, w i t h  o t h e r  a v a i l a b l e  cloud d a t a s e t s  f o r  t h e  same pe r iod .  While t h e  

c l o u d  amounts d e r i v e d  from ERB agree v e r y  w e l l  w i t h  t h o s e  from T H I R ,  w e  n o t e  

an i n t e r e s t i n g  agreement between t h e  c loud  f i e l d s  d e r i v e d  from ERB u s i n g  

shor twave  r a d i a n c e s  o n l y  w i t h  t hose  d e r i v e d  from longwave channe l s  from 

HIRS2/MSU. 

9.1 BRIEF DESCRIPTION OF TEE WETBOD 

The E a r t h  R a d i a t i o n  Budget experiment  aboard  t h e  Nimbus-7 s a t e l l i t e  

i nc luded  t h r e e  s e p a r a t e  groups  of s e n s o r s .  One group c o n s i s t e d  o f  t e n  

s e n s o r s  t o  moni tor  t h e  s o l a r  f l u x  and a second group o f  f o u r  s e n s o r s  was 
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intended t o  monitor t h e  earth f l u x  as seen  a t  t h e  satel l i te .  The t h i r d  group 

which i s  of i n t e r e s t  he re  cons i s t ed  of t h e  narrow-field of view (NFOV) 

senso r s  wi th  four telescopes to  view t h e  r a d i a t i o n  emerging from t h e  t o p  of 

t h e  atmosphere and t o  measure t h e  shortwave (0.2 - 4.8 p m )  and the longwave 

(4.5 - 50.0 pm) radiances by us ing  s p e c t r a l  f i l t e r s  (Jacobowitz e t  al . ,  

1984). Each radiance pair measured by t h e  telescopes is compared wi th  clear 

sky rad iances  and based upon empirical models of b i d i r e c t i o n a l  r e f l e c t a n c e ,  

and i s  c l a s s i f i e d  as clear (0-5% c l o u d i n e s s ) ,  p a r t l y  cloudy (5-50% 

c l o u d i n e s s ) ,  mostly cloudy (50-95% c l o u d i n e s s ) ,  or ove rcas t  (95% and above 

c loud iness ) .  The method of maximum l ike l ihood  e s t ima t ion  (MLE) i s  used f o r  

this c l a s s i f i c a t i o n  (Smith e t  a l . ,  1986). It i s  based upon determining t h e  

p r o b a b i l i t y  d e n s i t y  func t ion  f o r  each of t h e  fou r  cloud cover  c a t e g o r i e s  from 

the  measured radiance p a i r  and a s s ign ing  t h e  cloud cover w i t h  t h e  maximum 

p r o b a b i l i t y  dens i ty  func t ion .  During daytime both the shortwave and longwave 

rad iances  are used, while  a t  n i g h t ,  on ly  longwave rad iance  i s  used. The 

cloud amount derived t h i s  way is  r e f e r r e d  t o  as t h e  CSL cloud amount. When 

only  longwave radiance i s  used both day and n igh t ,  t h e  cloud amount is c a l l e d  

the  CL cloud amount. Shortwave rad iances  only  may be used leading  to  t h e  CS 

c loud amount but t h i s  is only  determined dur ing  daytime. 

9.2 CoLBARISOil OF RESULTS 

ERB measured rad iances  for  the month of June 1979 have been used t o  

d e r i v e  cloud amounts wi th  the t h r e e  methods, v iz . ,  LW only ,  S W  on ly  and LW 

and SW together .  The cloud amounts obta ined  with t h e  longwave and shortwave 

toge the r  show very good agreement wi th  t h e  cloud amounts de r ived  from THIR 



( F i g u r e s  9.1 and 9.2) .  The THIR cloud amounts used i n  t h e  p r e s e n t  comparisons 

are  t h e  ones  which a r e  improved using t h e  u l t r a v i o l e t  r e f l e c t a n c e s  from t o t a l  

ozone mapping s p e c t r o m e t e r  (TOMS) on Nimbus-7 (Stowe e t  a l . ,  1986). The z o n a l  

mean c l o u d i n e s s e s  f o r  June  20 a f e  shown i n  F i g u r e  9.3. The t h r e e  f i g u r e s  show 

t h e  v e r y  good agreement between the c loud  amounts d e r i v e d  from ERB u s i n g  t h e  

shortwave and longwave and t h e  THIR/TOMS c loud  amount v a l u e s .  

The e f f e c t  of d e c r e a s i n g  cloud amounts u s i n g  shortwave o n l y  (CS),  

longwave o n l y  (CL) and shortwave and longwave t o g e t h e r  (CSL) i s  shown i n  

F i g u r e  9.4. The s o l i d  l i n e  r e p r e s e n t s  t h e  CSL c loud  amount, t h e  dashed and 

d o t t e d  l i n e s  r e p r e s e n t  t h e  CS and CL amounts r e s p e c t i v e l y .  The CL and CSL 

cases f o l l o w  c l o s e  t o g e t h e r  w i t h  CL g i v i n g  s l i g h t l y  h i g h e r  v a l u e s  i n  t h e  

i n t e r t r o p i c a l  convergence zone (ITCZ) . The CS c loud  amount d i f f e r s  

s i g n i f i c a n t l y  from t h e  o t h e r  two, w i t h  t h e  l a r g e s t  d i f f e r e n c e s  (80% v e r s u s  

55%) i n  t h e  ITCZ. Both t h e  c loud  amount and t h e  s p a t i a l  e x t e n t  o f  t h e  ITCZ 

are s m a l l e r  i n  t h e  CS p i c t u r e .  

The c loud  amount d e r i v e d  from HIRS2/MSU (Susskind e t  a l . ,  1986) f o r  t h e  

same month a r e  shown i n  F i g u r e  9.5. Also  shown a r e  t h e  c loud  amount for ERB 

(CSL) and THIR/TOMS. HIRS2/MSU v a l u e s  show a s y s t e m a t i c  d i f f e r e n c e  r e l a t i v e  

t o  t h e  o t h e r  two. The d e r i v e d  cloud amount n e a r  t h e  I T C Z  i s  n e a r l y  h a l f  o f  

t h e  c l o u d  amount v a l u e  from t h e  o t h e r  two. I n  s p i t e  o f  t h e  d i f f e r e n c e s ,  

t h e s e  two c l o u d  amount v a l u e s  show much b e t t e r  agreement t h a n  t h o s e  w i t h  CSL, 

CL o r  THIR. 

HIRS2/MSU c loud  amounts are t h e  e f f e c t i v e  c l o u d  amount v a l u e s  (Sussk ind  

e t  a l . ,  1986) and a s  such i n c o r p o r a t e  t h e  c l o u d  e m i s s i v i t y  E. I n  t h e  presence  
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of c i r r u s  f o r  example, t h e  e s t i m a t e d  c loud  amount i s  c o n s i d e r a b l y  smaller due 

t o  t h e  smaller e m i s s i v i t y  of c i r r u s .  The smaller c loud  amounts no ted  i n  t h e  

t r o p i c s  are predominant ly  due t o  cirrus. A similar r e d u c t i o n  i n  t h e  c loud  

amount appea r s  i n  t h e  shortwave o n l y  case a l s o .  The c loud  amount i s  

de termined  on the  b a s i s  of  t h e  r e f l e c t e d  shortwave r a d i a n c e  from top of  t h e  

c loud .  Th i s  rad iance  v a l u e  i s  dependent  on t h e  r e f l e c t a n c e  of t h e  c loud  and 

i t s  o p t i c a l  t h i ckness .  Thus t h e  lower c locd  amounts w i t h  t h e  CS case are due 

t o  t h e  presence  of c louds  of l o w  o p t i c a l  t h i c k n e s s .  

9.3 colycLus1oLys 

The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  t h e  maximum l i k e l i h o o d  e s t i m a t i o n  

(MLE) method us ing  shortwave and longwave r a d i a n c e s  from ERB l e a d s  t o  c loud  

amounts i n  good agreements  w i t h  THIR/TOMS va lues .  

There are s y s t e m a t i c  r e g i o n a l  d i f f e r e n c e s  i n  the c loud  amounts d e r i v e d  

u s i n g  shortwave o n l y  r e l a t i v e  t o  t h o s e  o b t a i n e d  from longwave o n l y  o r  

longwave and shortwave t o g e t h e r .  

The c loud  amounts d e r i v e d  from ERB u s i n g  shortwave o n l y  (CS) are similar 

t o  t h e  HIRS2/MSU c loud  amounts and are smaller t h a n  the  THIR/TOMS and ERB 

(CSL) v a l u e s ,  p a r t i c u l a r l y  i n  r e g i o n s  where c i r r u s  predominates .  The lower 

v a l u e s  w i t h  CS are a t t r i b u t e d  t o  c l o u d s  w i t h  l o w  o p t i c a l  t h i c k n e s s .  

. 
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1. Study t h e  e f f e c t  of season on t h e  agreement between SAB and MLE 
methods: one month i n  each season. 

2 .  CLE and NCLE b i d i r e c t i o n a l  model d i f f e r e n c e s  and t h e i r  e f f e c t s  on 
t h e  r eg iona l  albedos.  

3. Study t h e  e f f e c t  on budget parameters ( f o r  a t  least one month) due 
t o  the  night t ime emission models. 

4. S e n s i t i v i t y  of ERB parameters to  clear sky longwave f l u x  f i e l d s  
der ived  from ERBE observations.  
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